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INTRODUCTION 
Until the 1950s, rotations involving legumes were 
considered essential to supply nitrogen needed for crop 
production in the Corn Belt. However, the perceived 
importance of these rotations for corn production rapidly 
decreased as commercially fixed nitrogen fertilizers became 
more extensively used, during the past 30 years. These 
fertilizers have been generally accepted as relatively 
inexpensive tools to improve the productivity of agriculture 
to meet the needs of a growing global population. 
There are increasing concerns, however, that current 
nitrogen fertilization practices may be expensive because of 
hidden costs associated with problems not recognized in the 
past. These problems include that (1) the manufacture of 
nitrogen fertilizers aids in the depletion of global energy 
supplies, (2) losses of fertilizer nitrogen by leaching 
decreases the quality of local and regional groundwater 
supplies, (3) losses of fertilizer nitrogen to the atmosphere 
may result in decreases in the amounts of ozone in the 
stratosphere, and (4) the use of nitrogen fertilizers 
increases the cost of government programs to control 
overproduction of grain crops. 
Identification of fertilization practices that minimize 
these problems will require a better understanding of the 
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effects of fertilizer nitrogen and cropping systems on the 
availability of nitrogen in soils for crop production and on 
the amounts of nitrogen lost to the environment. This 
information is needed to provide better recommendations to 
farmers concerning amounts of fertilizer that should be 
applied to corn following various crops. It also is needed to 
select the best cropping systems after all relevant factors 
are considered. 
The research reported here examines the effects of 
fertilizer nitrogen and cropping systems on the availability 
of nitrogen in soils by measuring amounts of nitrogen in plots 
having various fertilizer and cropping treatments and relating 
these amounts to the yields and composition of corn plants 
grown on these plots. The approach taken is different from 
all other studies that have been conducted in the Corn Belt 
because primary attention was given to determining the amounts 
of nitrogen found in the soils in late spring. Late spring is 
shortly before rapid uptake of nitrogen by plants occurs but 
after weather conditions early in the season have influenced 
the availability of nitrogen within the soil. 
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PART I. CORRELATION BETWEEN SOIL NITRATE 
LEVELS IN LATE SPRING AND CORN YIELDS 
4 
INTRODUCTION 
Soil testing is widely used to improve the management of 
soil pH and supplies of available phosphorus and potassium in 
soils. Although soil testing is used to manage levels of 
available nitrogen in many areas receiving less rainfall than 
occurs in the Corn Belt, soil tests for nitrogen are not 
widely used in this region. Numerous tests have been proposed 
to assess amounts of available nitrogen in soils (Bremner, 
1965; Keeney and Bremner, 1966; Jenkinson, 1968; Dahnke and 
Vasey, 1973; Fox and Piekielek, 1978; Stanford, 1982; Keeney, 
1982; Meisinger, 1984), but none have proven to be practical 
for this region. Because large amounts of nitrogen fertilizer 
are being used in the Corn Belt and because there is 
increasing concern about the effects of nitrogen fertilization 
practices on environmental quality, there is great need for a 
soil test that can be used to improve nitrogen management in 
this region. 
Magdoff et al. (1984) proposed a soil test for nitrate 
that is gaining acceptance in several states east of the Corn 
Belt. This soil test is based on the amount of nitrate found 
in the surface 30-cm layer of soil when corn (Zea mays L.) 
plants are about 15 to 30 cm tall. The time of sampling 
represents a compromise between the need to sample as late as 
possible to reflect the effect of weather conditions on losses 
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or gains of soil nitrate and the need to sample early enough 
to enable application of fertilizer to correct deficiencies. 
Because the processes responsible for losses and gains of 
nitrate in soils are strongly influenced by amounts of 
rainfall and because relatively large amounts of rainfall 
occur during spring and early summer, a soil testing program 
that involves collection of samples after this period allows 
for some adjustment of fertilization practices for weather 
conditions. 
This laboratory's interest in the nitrate soil test was 
stimulated greatly by ongoing studies of the early 
transformations and movements of fertilizer nitrogen under 
field conditions, where early transformations and movements 
refer to those occurring during the first few weeks after 
application. Some of these studies involve the use of 
isotopically labeled nitrogen (Cerrato et al., 1985), others 
involve the distribution of unlabeled nitrate (Part II). 
Results obtained in these studies show that nitrate rapidly 
moves downward in soils under conditions often found in Iowa 
and that this downward movement seems to be greatly influenced 
by the preferential movement of water through soil macropores. 
This preferential movement of water usually results in a 
marked dispersion of nitrate through the soil profile, with 
the highest concentrations remaining in the surface 
centimeters of soil and a gradual decrease in concentration 
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with increasing depth within the rooting zone. If such 
distributions usually occur in Iowa soils, then the nitrate 
soil test has great potential. If, as has been generally 
assumed, the downward movement of nitrate usually results in 
nearly complete removal of nitrate from the surface 
centimeters of soil (i.e., nitrate moves from the surface 
layer of soil with relatively little dispersion), the soil 
test for nitrate has little practical value because amounts of 
nitrate in the surface few centimeters of soil would not be 
representative of the amounts within the rooting zone. 
The work reported here was conducted to evaluate the 
potential of the nitrate soil test for use in Iowa. This was 
accomplished by studying relationships between yields of corn 
grain and amounts of nitrate in the surface layers of soil at 
several locations. It was assumed that this test would be 
used to determine fertilizer nitrogen (FN) needs at 
sidedressing after modest amounts of fertilizer had been 
applied before planting. 
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MATERIALS AND METHODS 
More than 1,600 soil samples were collected in 1985 and 
1986 from several nitrogen rate experiments described in Table 
1, Both long-term experiments and short-term experiments were 
sampled. The long-term experiments were the rotation-
fertility experiment at the Clarion-Webster Research Center 
near Kanawha (LTK site) and the rotation-fertility experiment 
at the Galva-Primghar Research Center near Sutherland (LTS 
site). Both of these studies have been in place since the mid 
1950's. They have complete randomized block designs with a 
split-plot structure and two replications. Rotations are main 
plots and fertilizer nitrogen treatments are subplots. The 
designs are such that each phase of rotation is grown each 
year, but fertilizer nitrogen is applied only to corn (Zea 
mays L.) or sorghum (Sorghum bicolor L. Moench). Fertilizer 
nitrogen treatments are 0, 90, 179, and 269 kg N/ha as urea at 
the LTK site. At the LTS site ammonium nitrate is applied to 
give 0, 67, 134, and 202 kg N/ha for continuous corn and corn 
after soybeans (Glycine max L.) and 0, 34, 67, and 134 kg N/ha 
for other corn and sorghum. These fertilizer treatments are 
not rotated among subplots. The short-term experiments at 
Kanawha (STK site) had complete randomized block designs and 
four replications within each corn crop shown in Table 1. The 
fertilizer nitrogen rates were 0, 39, 78, 118, 157, and 235 kg 
Table 1. Information about the sites studied 
Soil Cropping No. of 
Site Series Subgroup history plots 
STK Webster Typic Haplaquoll OCCC 24 
OSbCC 24 
OCSbC 24 
LTK Webster Typic Haplaquoll CCCC 32 
CCCO 24 
CSbCSb 16 
CSbCO 16 
CCOM 16 
COMM 8 
LTS Galva Typic Hapludoll CCCC 32 
CSbCSb 16 
CCOM 16 
SgCOM 8 
COMM 8 
Ames 1 Clarion Typic Hapludoll CCCC 30 
Ames 2 Canisteo Typic Haplaquoll CCCC 30 
Marengo Nevin Aquic Argiudoll CCCC 33 
Kalona Kalona Typic Haplaquoll CSbCC 33 
Ida Grove Marshall Typic Hapludoll CCCC 33 
Holstein Galva Typic Hapludoll CSbCC 33 
^C=corn, Sb=soybeaus, Sg=sorghum, O=oats, M=meadow. 
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Years of Population Date of planting 
sampling Hybrid 1985 1986 1985 1986 
-plants ha~^-
1985,1986 
1985,1986 
1986 
Pioneer 
Pioneer 
Pioneer 
3732 
3732 
3732 
59400 
59400 
58740 
58740 
58740 
2 
2 
May 
May 
3 May 
3 May 
3 May 
1985,1386 
1985,1986 
1985,1986 
1985,1986 
1985,1986 
1985,1986 
Pioneer 3732 58740 58740 1 May 5 May 
1985,1986 
1985,1986 
1985,1986 
1985,1986 
1985,1986 
Pioneer 3732 53240 53240 13 May 7 May 
1985,1986 Pioneer 3475 58000 57200 8 May 7 May 
1985,1986 Pioneer 3475 58000 57200 8 May 7 May 
1986 Pioneer 3475 - 56100 - 28 Apr 
1986 Pioneer 3377 - 51700 - 25 Apr 
1986 Pioneer 3475 - 55000 - 30 Apr 
1986 Pioneer 3475 - 52800 - 29 Apr 
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N/ha applied as urea. All remaining sites had fertilizer 
nitrogen treatments of 0, 28, 56, 84, 112, 140, 168, 224, 280^ 
and 336 kg N/ha applied as ammonium sulfate which were 
replicated three times. All fertilizer nitrogen treatments 
were broadcast and incorporated into the soil shortly before 
planting. Conventional tillage (moldboard plowed in the fall, 
field cultivated or disked in the spring) was used at all 
sites. 
The soil samples were collected during May and June when 
corn plants were between 15 and 30 cm high. Eight cores were 
taken from each plot in two depth increments (0 to 15 cm and 
15 to 30 cm), and cores within each increment were composited. 
The samples were air dried, ground (< 2 mm) and analyzed for 
exchangeable ammonium-N and (nitrate + nitrite)-N by using the 
steam distillation method described by Keeney and Nelson 
(1982). Amounts of nitrate and exchangeable ammonium per 
layer of soil were calculated by assuming a soil bulk density 
of 1.27 Mg m"^, an average value determined from numerous 
plots by using an Uhland corer. 
Corn yields were determined by hand harvesting the two 
central rows of each plot and were adjusted to 15.5% moisture 
content. Maximum yields are defined here as the highest 
treatment mean within site-years. Relative yields are defined 
here as yields expressed as a percentage of maximum yields. 
All statistical analyses were performed by using SAS programs. 
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RESULTS AND DISCUSSION 
The two years studied were very different with respect to 
amounts of rainfall that occurred during May, June, and July 
(Table 2), with 1985 being much drier than normal and 1986 
being slightly wetter than normal. Although yields of corn 
tended to be slightly higher in 1986 than in 1985, 
availability of soil moisture over the entire growing season 
did not appear to be a major factor limiting yields in either 
year. However, the differences in the amounts of rainfall 
that occurred early in the season were sufficiently great 
between years to be considered very different with regard to 
effects of rainfall on the transformations and movement of 
nitrogen in soils. For this reason, the data collected 
probably enable a reasonable evaluation of the potential of 
the nitrate soil test. 
Figures 1, 2a and 2b show that there usually were good 
relationships between yields of corn grain and amounts of 
nitrate present in the surface 30-cm layer of soil when the 
plants were 15 to 30 cm tall. These relationships indicate 
that the nitrate soil test deserves careful consideration for 
use in Iowa. The remainder of the discussion in this part 
will consider how these relationships can be described best 
for use in a practical soil testing program. Important 
decisions include selection of the most appropriate response 
12 
Table 2. Amounts of rainfall that occurred at the various 
sites in 1985 and 1986 
Amounts of rainfall by month 
Sites Apr May June July Aug Sept Oct 
1985 
STK & LTK 81 44 67 66 240 208 36 
LTS 162 99 42 19 146 145 37 
Ames 1 & Ames 2 31 32 86 
1986 
36 129 102 87 
STK & LTK 113 131 72 190 55 114 93 
LTS 143 116 150 105 68 116 62 
Ames 1 & Ames 2 132 138 165 139 91 175 116 
Marengo 102 226 146 123 182 171 84 
Kalona 108 228 169 179 118 151 100 
Ida Grove 217 86 127 149 119 89 86 
Holstein 202 97 81 91 78 144 91 
Figure 1. Relationships for 1985 between yields of corn after corn and amounts of 
nitrate in the surface 30-cm layer of soil when plants were 15 to 30 cm 
high 
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model and depth of sampling, as well as whether or not 
exchangeable ammonium should be included in the soil test. 
The abilities of the quadratic function and the linear-
response and plateau (LRP) function to describe the observed 
relationships between soil nitrogen levels and corn yields are 
compared in Table 3. The quadratic function was selected as 
one of the models for comparison because it is the most widely 
used model for describing plant responses to fertilizers. The 
LRP function was selected because it better reflects the 
Liebig's law of the minimum (Waugh et al., 1973), which Bray 
(1954) has indicated is appropriate for modeling plant uptake 
of mobile nutrients like nitrate. The advantages and 
disadvantages of these and other models have been discussed 
elsewhere (Anderson and Nelson, 1971; Gate and Nelson, 1971; 
Waugh et al., 1973). The quadratic and LRP functions appear 
to describe the data equally well when evaluations are based 
on R^ values (Table 3). The means of R? values for individual 
site-years were 0.73 for the quadratic model and 0.76 for the 
LRP model. 
Comparisons of R values for models describing 
relationships between yields and amounts of nitrate and the 
corresponding models describing relationships between yields 
and amounts of nitrate plus exchangeable ammonium indicate no 
benefit from including amounts of exchangeable ammonium in the 
soil test. The mean R^ value for all relationships with 
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Table 3. Relationships between soil nitrogen levels and corn 
grain yields 
R^ for models 
Depth Quadratic LRP 
Sites Form of N sampled 1985 1986 1985 1986 
——cm—— 
STK^ NO3 0-15 0.82 0.85 0.81 0.90 
NO3 0-30 0.83 0.80 0.83 0.86 
NHJ + NO3 0-15 0.83 0.87 0.82 0.91 
NHJ + NO" 0-30 0.84 0.82 0.83 0.88 
STK^ NO3 0-15 ND 0.92 ND 0.93 
NO3 0-30 ND 0.93 ND 0.91 
NHJ + NO3 0-15 ND 0.92 ND 0.93 
NHJ + NO3 0-30 ND 0.93 ND 0.92 
STK° NO" 0-15 0.84 0.86 0.86 0.87 
N0~ 0-30 0.85 0.83 0.86 0.83 
NHJ + NO" 0-15 0.80 0.78 0.87 0.79 
NHJ + NO" 0-30 0.84 0.69 0.88 0.70 
LTK NO3 0-15 0.57 0.68 0.59 0.74 
NO3 0-30 0.65 0.72 0.67 0.79 
NHJ + NO3 0-15 0.59 0.68 0.59 0.73 
NHJ + NO3 0-30 0.64 0.70 0.64 0.75 
^Third-
^Second 
year corn, 
-year corn. 
°Corn after soybeans. 
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Table 3. Continued 
R for models 
Depth Quadratic LRP 
Sites Form of N sampled 1985 1986 1985 1986 
——cm-— 
LTS NO3 0-15 0.54 0.49 0.59 0.67 
NO3 0-30 0.57 0.49 0.60 0.61 
NH4 + NO; 0-15 0.53 0.46 0.59 0.61 
NH4 + N03 • 0-30 0.56 0.46 0.59 0.57 
AMES 1 NO^ 0-15 0.27 0.84 0.28 0.83 
N0~ 0-30 0.26 0.87 0.29 0.84 
NH+ + NO3 0-15 0.17 0.82 0.18 0.84 
NH+ + NO; 0-30 0.17 0.86 0.15 0.85 
AMES 2 NO; 0-15 0.84 0.89 0.85 0.91 
NO; 0-30 0.81 0.93 0.84 0.95 
NH+ + NO; 0-15 0.88 0.80 0.88 0.91 
NH+ + NO; 0-30 0.89 0.88 0.90 0.95 
MARENGO NO; 0-15 ND 0.71 ND 0.77 
NO; 0-30 ND 0.78 ND 0.83 
NHJ + NO; 0-15 ND 0.63 ND 0.71 
NHJ + NO; 0^30 ND 0.69 ND 0.73 
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Table 3. Continued 
2 R for models 
Depth Quadratic LRP 
Sites Form of N sampled 1985 1986 1985 1986 
——cm—— 
KALONA NO; 0-15 ND 0.91 ND 0.93 
NO; 0-30 ND 0.93 ND 0.94 
NH+ + NO; 0-15 ND 0.91 ND 0.92 
NHJ + NO; 0-30 ND 0.93 ND 0.94 
IDA GROVE NO; 0-15 ND 0.86 ND 0.86 
NO; 0-30 ND 0.85 ND 0.86 
NH4 + NO; 0-15 ND 0.84 ND 0.87 
NHJ + NO; 0-30 ND 0.84 ND 0.86 
HOLSTEIN NO; 0-15 ND 0.63 ND 0.61 
NO; 0-30 ND 0.73 ND 0.71 
NH4 + NO; 0-15 ND 0.63 ND 0.64 
NH4 + NO; 0-30 ND 0.72 ND 0.74 
All pooled NO; 0-15 0.57 0.58 0.57 0.61 
NO; 0-30 0.62 0.65 0.62 0.69 
+ NO; 0-15 0.49 0.52 0.54 0.61 
NHJ + NO; 0-30 0.55 0.60 0.57 0.66 
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Table 3. Continued 
2 R for models 
Depth Quadratic LRP 
Sites Form of N sampled 1985 1986 1985 1986 
——cm—— 
All pooled NO; 0-15 0.50 0.67 0.59 0.71 
using relative NO^ 0-30 0.53 0.72 0.59 0.77 
yields NH^ + NO; 0-15 0.50 0.60 0.60 0.70 
NH4 + NO; 0-30 0.55 0.67 0.61 0.74 
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nitrate was 0.76, whereas the corresponding mean for all 
relationships with exchangeable ammonium plus nitrate was 
0.74. Although the data presented indicate it is not 
practical to include exchangeable ammonium in the soil test 
(especially if extra costs are involved), the results may have 
been different if soil samples had been collected earlier in 
the season or if nitrification inhibitors had been applied 
with the fertilizers. For this reason, it may be practical to 
include exchangeable ammonium under some conditions. 
Comparisons of R values of models describing 
relationships between yields and amounts of nitrate in the 
surface 15-cm layer within site-years and the corresponding 
models describing relationships between yields and amounts of 
nitrate in the surface 30-cm layer indicate surprisingly 
2 little benefit from sampling the extra depth. The mean R 
values over individual site-years were 0.75 for the surface 
15-cm layer and 0.77 for the surface 30-cm layer. The 
similarity of R^ values for the two depths within site-years 
is consistent with the observation (see Part II of this 
dissertation) that concentrations of nitrate usually decrease 
in a gradual manner with increasing depth and, therefore, that 
amounts of nitrate in the surface 15-cm or 30-cm layers are 
proportional to the amounts of nitrate in the rooting zones 
(i.e., surface 1.5-m layer of soil). 
The foregoing discussion focuses on the ability of models 
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to describe relationships observed within site-years. This is 
only the first step in identifying a practical soil test, 
which requires a single model that is useful when applied to a 
variety of individual site-years. It is possible that 
excellent relationships occur within site-years, but these 
relationships are sufficiently different that they cannot be 
combined into a single model that has value at individual 
site-years. To address this possibility, relationships 
between amounts of nitrogen in the soil and grain yields were 
established for pooled data (Table 3). Two alternative ways 
were used to pool the data. One consisted of pooling yields 
without transformation, the other consisted of transforming 
yields to relative yields before pooling. The first of these 
is more applicable when fertilizer requirement changes with 
yield potential, an assumption that is implicit in current 
nitrogen fertilizer recommendations (Stanford, 1973). The 
second is more applicable when fertilizer requirement is 
Independent of yield potential, an assumption that is implicit 
in soil tests for potassium and phosphorus. 
The R values for pooled data support the conclusion that 
the LRP and quadratic models are nearly equal in ability to 
describe relationships between yields and amounts of nitrogen 
in the soil. If pooling had an effect on this ability, it 
2 increased the advantage of LRP model (mean R was 0.64) over 
the quadratic model (mean R^ was 0.58). Pooling had no effect 
26 
2 
on selection of form of nitrogen to be determined (mean R was 
0.62 for nitrate and 0.59 for nitrate plus exchangeable 
ammonium). Pooling increased the advantage of sampling to 30 
2 2 
cm (mean R was 0.63) over sampling to only 15 cm (mean R was 
0.59). Use of relative yields appeared to have a slight 
advantage over use of absolute yields (mean R was 0.59 for 
absolute yields and 0.63 for relative yields). 
The data presented in Table 3 indicate that the models 
explained more of the variability in yields at some sites than 
at others. Low R values do not necessarily indicate an 
2 invalid soil test because low R values could be caused by 
high levels of nutrient on all plots at a site. Under such 
conditions, factors other than nitrogen availability are 
responsible for differences in yields among plots. For this 
reason, R values for relationships between soil test levels 
and yields should be low when high levels of nutrient are 
present. Data presented in Figure 1 suggest that high nitrate 
levels were a major factor responsible for the poor 
relationship (see Table 3) between grain yields and nitrate 
levels at the Ames 1 site in 1985. 
Figures presented in Table 4 suggest combining rotation 
corn and corn after corn data may be at least partially 
responsible for the relatively poor relationships between 
available nitrogen in the soil and grain yields at the LTK and 
LTS sites (see Table 3). Studies reported in Part II of this 
Table 4. Relationships between soil nitrogen levels and corn 
yields obtained from plots having corn, soybeans, 
and meadow as previous crops 
2 R for models with 
1985 
Form of N Depth Quadratic LRP 
-cm-
Corn after Corn^ 
NO3 0-15 0.64 0.64 
NO3 0-30 0.73 0.73 
•I" M 
0-15 0.54 0.64 NHJ + NO3 
NH4 + NO" 0-30 0.63 0.68 
Corn after Soybeans^ 
N03 0-15 0.47(0.76)^ 0.50(0.75) 
N03 0-30 0.48(0.73) 0.52(0.73) 
NHJ + NO3 0-15 0.48(0.75) 0.51(0.75) 
NH^ + NO" 0-30 0.48(0.72) 0.52(0.70) 
Corn after Meadow° 
NO3 0-15 0.45(0.78) 0.49*(0.77) 
NO3 0-30 0.43(0.76) 0.42(0.74) 
NHJ + NO3 0-15 0.46(0.78) 0.44(0.76) 
NH^ + NO3 0-30 0.41(0.75) 0.37(0.73) 
^All relationships were significant (P<0.01). 
H 2 
Values in parentheses refer to the R s obtained for 
corn after corn from all the sites that also had corn after 
soybeans and corn after meadow. 
*^Only the value with an asterisk was significant 
(P<0.05). 
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2 
absolute yields R for models with relative yields 
1986 1985 1986 
Quadratic LRP Quadratic LRP Quadratic LRP 
0 . 6 1  
0.71 
0.58 
0 . 6 8  
0.62 
0.73 
0.63 
0.72 
0 . 6 2  
0.69 
0.59 
0.68 
0.65 
0.71 
0.69 
0.73 
0 . 6 6  
0.75 
0.61 
0.71 
0.67 
0.78 
0.69 
0.77 
0.62(0.76) 
0.58(0.74) 
0.60(0.77) 
0.55(0.73) 
0.68(0.81) 
0.68 (0.81) 
0.63(0.81) 
0 . 6 2 ( 0 . 8 0 )  
0.56 0.63 
0.57 0.64 
0.58 0.66 
0.59 0.66 
0.73 0.76 
0.71 0.80 
0.70 0.71 
0.68 0.75 
0.26(0.75) 
0.17(0.73) 
0.28(0.74) 
0.17(0.71) 
0.12(0.79) 
0.16(0.79) 
0.27(0.79 
0.12(0.77) 
0.12 0.16 
0.10 0.11 
0.12 0.16 
0.09 0 
0.12 0.24 
0.11 0.21 
0.13 0.12 
0.12 0.18 
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dissertation show that soils under corn after meadow had more 
nitrate than did soils under corn after soybeans and that 
soils under corn after soybeans had more nitrate than did 
soils under corn after corn. Although yield potential may 
have been changed by rotation effects other than nitrogen 
availability, rotation-induced increases in nitrogen 
availability could explain why R values shown in Table 4 tend 
to be lower for corn after meadow than for corn after soybeans 
and why values for corn after soybeans tend to be lower than 
for corn after corn. It is noteworthy that the addition of 
nitrogen fertilizer did not significantly increase yields of 
corn after meadow in either year. 
One of the most important tasks in developing a soil test 
is to identify critical nutrient levels (i.e., the nutrient 
level below which addition of more nutrient probably will 
increase yields and above which addition of more nutrients 
probably will not increase yields). Because the LRP model 
specifies a unique critical level and because this model does 
at least as well as the quadratic model when describing 
observed relationships between yields and soil nitrate levels, 
only critical levels from the LRP model are considered here. 
Because critical levels cannot be identified with reasonable 
accuracy unless numerous observations are made above and below 
the critical level and because corn after meadow and after 
soybeans had relatively few observations that were clearly 
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deficient in nitrate, discussion of critical levels will focus 
only on those determined for corn after corn. Until more 
information is available, it seems appropriate to assume that 
rotations do not have a major effect on critical nitrate 
levels. 
Determined values for critical levels on pooled data are 
shown in Table 5. The mean for critical levels for nitrate to 
30 cm for all individual site-years shown in Table 3 was 85 kg 
N/ha for 1985 and 88 kg N/ha for 1986. This compares 
favorably with the critical levels of 89 and 86 kg N/ha for 
the pooled data for corn after corn. 
Although critical levels for individual site-years are 
not presented, there was less variability in critical nitrate 
levels among sites when samples were collected to a depth of 
30 cm (C.V. of 21%) than when they were collected only to 15 
cm (C.V. of 30%). This decrease in variability should be 
expected because a 30-cm layer of soil should represent a more 
constant fraction of the total amount of nitrate in the 
rooting zone than should a 15-cm layer of soil. The ability 
to provide a critical level that is relatively consistent 
among site-years may be the major advantage of deeper 
sampling. This would explain why increasing depth of sampling 
did not improve relationships between nitrate levels and 
yields within site-years, but it did improve the relationships 
when site-years were pooled (Table 3). Given the small cost 
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Table 5. Critical nitrogen levels for pooled data 
Data LRP critical levels 
analyzed Form of N Depth 1985 1986 
—cm— —- ——kg ha -1 
All sites. NO^ 0-15 72 43 
all plots NO; 0-30 101 80 
NHJ + NO; 0-15 59 55 
NHJ + NO; 0-30 94 96 
Only corn after NO; 0-15 62 58 
corn plots NO; 0-30 89 86 
+ NO; 0-15 57 66 
NH4 + NO; 0-30 94 113 
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associated with sampling to 30 cm instead of only to 15 cm, 
the deeper sampling is probably justifiable. 
Figure 3 shows the relationship between limiting nitrate 
levels and yield classes for corn after corn. Limiting 
nitrate levels are defined here as those which are less than 
the critical levels given by the LRP models for individual 
site-years. This presentation of the data collected is 
reasonable if it is assumed that critical nitrate levels 
should vary with yield potential. This assumption is 
consistent with the customary idea that rates of nitrogen 
fertilizer application vary with yield potential. However, 
the points without error bars indicate points of intersection 
of linear-response and plateau lines for the individual site-
years, and the distribution of these points provides little 
support for the assumption that critical nitrate levels vary 
with yield potential, at least within the range of yields 
observed in this study. 
Table 6 shows relationships between amounts of nitrate in 
the surface 30-cm layer of soil and relative yields, where 
nitrate levels are split into 30-Kg N/ha classes. This 
presentation of the data collected is reasonable if it is 
assumed that critical nitrate levels do not change with yield 
potential. Comparison of Table 6 and Figure 3 suggests that 
this assumption may be more appropriate than is the assumption 
that these critical levels do change with yield potential. If 
Figure 3. Relationship between limiting nitrate levels in 
the surface 30-cm layer of soil and yield classes 
for corn after corn 
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Table 6. Relationship between relative yields 
nitrate classes for corn after corn 
and soil 
Nitrate No. of observations Average relative yields 
class 1985 1986 1985 1986 
kg ha~^ 
0-30 23 63 40 39 
31-60 52 83 70 65 
61-90 43 54 86 81 
91-120 30 53 95 95 
121-150 15 32 95 95 
151-180 7 25 105 98 
181-210 6 7 98 98 
211-240 - 8 - 100 
241-270 - 4 - 97 
271-300 - 2 - 99 
^Highest treatment mean within site. 
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it is assumed that Bray's nutrient mobility concept is 
essentially correct, this observation would suggest that 
nitrate tends to be buffered by some process. Buffering of 
nitrate could occur by immobilization and mineralization of 
nitrogen. Another explanation could be that depth of rooting 
(and depth of nitrate availability) tends to be proportional 
to yields. 
The presentation of data in Table 6 probably provides a 
better basis for selection of appropriate critical nitrate 
levels than does the presentation of data in Figure 3 because 
critical nitrate levels do not seem to change with yield level 
and because this presentation better shows how additions of 
fertilizer often produce increases in yields that are small 
but economic for the farmer. 
In Table 6, as in Figure 3, it is impossible to identify 
a critical level with a high degree of precision. It is, for 
example, impossible to determine whether the value of 105% of 
maximum merely represents an error that can be attributed to a 
small number of samples or whether it reflects that grouping 
data by amounts of nitrate present provides a more accurate 
assessment of maximum yields than grouping data by amounts of 
fertilizer applied. Because nitrate levels vary among plots 
having similar fertilizer nitrogen treatments, it is possible 
that grouping soils by the soil nitrate test may provide the 
better indication of maximum yield. Because of this 
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uncertainty and because critical levels should be expected to 
vary with soil, weather conditions, and hybrids, it probably 
is most appropriate to identify critical nutrient levels in 
terms of a range rather than by a single value. This approach 
permits the test to be used without overstating the limits of 
the test and it shows the opportunity for improving the test 
by increasing thn depth of sampling, by splitting soils into 
two or more soil-crop categories, or by other improvements. 
Another major reason for not identifying a single 
critical nitrate level is that selection of the optimum 
nutrient level involves decisions utilizing information not 
provided by knowledge of the relationship between soil tests 
and yields. These decisions must be based on knowledge of the 
relative value of fertilizer and crop as well as on judgements 
concerning the importance of the effects of nitrogen 
fertilization on environmental quality and the cost of 
programs designed to control overproduction (Blackmer and 
Meisinger, 1988). After these decisions are made, the soil 
test can be used to improve nitrogen management. Because 
relatively large increases in nutrient levels correspond to 
relatively small increases in yields over a wide range that is 
of practical interest (Table 6), the soil nitrate test can 
provide a sensitive tool for identifying nitrogen levels that 
are considered adequate but not excessive. 
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SUMMARY 
The work reported here was conducted to evaluate the 
potential of the nitrate soil test for use in Iowa. This was 
accomplished by studying relationships between yields of corn 
grain and amounts of nitrate in the surface layers of soil at 
16 site-years when corn plants were 15 to 30 cm tall in 1985 
and 1986. The results show that, each year, about 73% of the 
total variability in yields of corn after corn could be 
explained by models considering amounts of nitrate found in 
the surface 30-cm layer of soil. The relationships could not 
be improved by including exchangeable ammonium. Results show 
that sampling to 30 cm, rather than only to 15 cm, is 
practical because the deeper sampling provides less 
variability in critical nitrate levels among site-years. When 
data from several site-years were combined, use of relative 
yields (percentage of maximum within site-years) provided a 
better presentation of results than did use of absolute 
yields. Because relatively large increases in nutrient levels 
correspond to relatively small increases in yields over a 
range of levels that are of practical interest, the soil 
nitrate test offers great promise as a sensitive tool for 
identifying nitrogen levels that are considered adequate but 
not excessive. 
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PART II. EFFECTS OF VARIOUS CROPS AND NITROGEN 
FERTILIZERS ON THE AMOUNTS AND DISTRIBUTION 
OF NITRATE IN IOWA SOILS IN LATE SPRING 
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INTRODUCTION 
Recent studies In Iowa (Parts I and III) have shown good 
relationships between grain yields and amounts of nitrate 
found in the surface 30-cm layers of soils when corn (Zea mays 
L.) plants are 15 to 30 cm tall. These studies suggest that a 
late spring soil test offers great potential as a tool for 
improving the management of nitrogen during crop production in 
the Corn Belt. The need for better management of nitrogen 
inputs is evidenced by the large amounts of fertilizer being 
used and by mounting concern that current fertilization 
practices degrade groundwater quality. 
Although soil tests for nitrate are accepted as a valid 
basis for adjusting fertilizer recommendations in states where 
average annual percolation of water is less than 2.5 cm 
(Stanford, 1982) and a June soil test for nitrate (Magdoff et 
al., 1984) is gaining acceptance in the Northeast, nitrate has 
not been accepted as being a valid basis for a soil test in 
the Corn Belt. One of the reasons for this lack of acceptance 
is that many studies (Herron et al., 1968; Olsen et al., 1970; 
Linville and Smith, 1971; Onken and Sunderman, 1972; Gast et 
al., 1974; 1978; Hooker et al., 1983; Onken et al., 1985) have 
shown that distributions of nitrate in soils are extremely 
variable. The observed variability provides little evidence 
that the amounts of nitrate found in the surface 30-cm layers 
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of soils (or other depths shallow enough to provide a 
practical soil test) provide a reliable assessment of the 
amounts of available nitrogen in the rooting zone. 
However, studies of the distributions of nitrate in soils 
almost always have been conducted either before fertilizers 
are applied in th , spring or after crops are harvested in the 
fall. • Despite the obvious importance of nitrate distributions 
when corn crops start rapid uptake of nitrogen in late spring 
and early summer, relatively little attention has been given 
to the distributions of nitrate found in soils during this 
period. The objective of this paper is to report studies 
showing that nitrate distributions usually found in late 
spring provide great potential for using the nitrate soil test 
to guide nitrogen inputs for corn production in Iowa. These 
distributions also support the idea that preferential flow of 
water and nitrate through soil macropores is important in many 
soils. 
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MATERIAL AND METHODS 
A total of about 2,400 soil samples were collected in the 
springs of 1984, 1985, and 1986 from three rotation-fertility 
experiments in Iowa. These were the long-term experiment at 
Kanawha (LTK site), the long-term experiment at Sutherland 
(LTS site), and the short-term experiment at Kanawha (STK). 
The LTK and STK sites were initiated in 1954 and 1984, 
respectively, at the Clarion-Webster Research Center on 
Webster soils (fine-loamy, mixed, mesic, Typic Haplaquoll). 
The LTS site was initiated in 1957 at the Galva-Primghar 
Research Center on a Galva silt loam soil (fine-silty, mixed, 
mesic, Typic Hapludoll). The long-term studies are complete 
randomized block designs with a split-plot structure and two 
replications. The rotations are the main plots and four 
fertilizer nitrogen (FN) rates are the subplots (see Table 1). 
The designs are such that each phase of rotation is grown each 
year, but fertilizer nitrogen is applied only to corn (Zea 
mays L.) or sorghum (Sorghum bicolor L. Moench). Fertilizer 
nitrogen treatments were not rotated among subplots. The STK 
site had a complete randomized block design with six 
fertilizer nitrogen rates and four replications within each 
corn crop shown in Table 1. Fertilizer nitrogen treatments 
were as urea (LTK and STK) and as ammonium nitrate (LTS) 
broadcast and incorporated in the spring before planting. 
Table 1. Information about the sites studied 
Plots sampled 
Year 
LTK^ 
Rotations^ FN rates Depth 
kg ha~^ —m— 
1984 CCCC 0,269 1.5 
CSbCSb 0,269 1.5 
CCOM 0,269 1.5 
1985 CCCC 0,179 1.5 
90,269 0.3 
CSbCSb 0,179 1.5 
90,269 0.3 
CCOM 0,179 1.5 
90,269 0.3 
CCCO 0,90,179,269 0.3 
CSbCO 0,90,179,269 0.3 
COMM 0,90,179,269 0.3 
1986 CCCC 0,90,179,269 0.3 
CCCO 0,90,179,269 0.3 
CSbCgb 0,90,179,269 0.3 
CSbCO 0,90,179,269 0.3 
CCOM 0,90,179,269 0.3 
COMM 0,90,179,269 . 0.3 
^LTK = long term rotation-fertility experiment at 
Kanawha; LTS = long term rotation-fertility experiment at 
Sutherland; STK = short term rotation-fertility experiment 
at Kanawha. 
= corn; Sb = soybeans; 0 = oats; M = meadow; Sg = 
sorghum. Meadow = 50% alfalfa (Medicago sativa L.) + 50% 
red clover (Trifolium pratense L.) at the LTK site and 100% 
alfalfa at the LTS site. The crops sampled each year are 
underlined. 
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and depth of sampling 
LTS^ STK^ 
Rotations^ FN rates Depth Rotations^ FN rates Depth 
kg ha~^ kg ha~^ —m— 
CCCC 0,202 1.5 CC 0,78,157,235 1.5 
67,134 0.3 SbC 0,78,157,235 1.5 
CSbCSb 0,202 1.5 
67,134 0.3 
CCOM 0,134 1.5 
34, 67 0.3 
SgCOM 0,34,67,134 0.3 
COMM 0,34,67,134 0.3 
CCCC 0,67,134,202 0.3 CCC 0,78,157,235 0.3 
CSbOSb 0,67,134,202 0.3 SbCC 0,78,157,235 0.3 
CCOM 0,34,67,134 0.3 CSbC 0,78,157,235 0.3 
SgCOM 0,34,67,134 0.3 
COMM 0,34,67,134 0.3 
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Conventional tillage (usually moldboard plowed in the fall and 
field cultivated in the spring) was used at all sites. 
Soil samples were collected between May 25 and June 17 of 
each year in 15-cm increments to either 1.5 m or 0.3 m (see 
Table 1). Each sample was a composite of eight cores (3-cm 
cores to 0.9 m, 1.75-cm cores to 1.5 m) collected in a random 
pattern from each subplot. The samples were air dried, ground 
(< 2 mm), and analyzed for exchangeable ammonium-N and 
(nitrate plus nitrite)-N using the steam distillation 
procedure described by Keeney and Nelson (1982). Amounts of 
nitrate in the soil (kg ha"^) were calculated by using bulk 
densities of 1.35, 1.40, 1.45 and 1.50 Mg m"^ for the 0-15 cm, 
15-30 cm, 30-45 cm and deeper than 45-cm layers, respectively. 
These were the mean values of several determinations made with 
a Uhland corer on selected plots. 
All statistical analyses were performed by using SAS 
programs. 
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RESULTS AND DISCUSSION 
The amounts of rainfall that occurred between fertilizer 
application and soil sampling each year varied greatly. This 
period was substantially wetter than normal in 1984, 
substantially drier than normal in 1985, and near normal in 
1986 (Table 2). Rainfall totaled 123 mm within 5 days before 
sampling in 1984. These differences indicate that the study 
included a wide range of conditions related to the effects of 
rainfall on the transformations and movement of nitrogen in 
soils during this period. 
The distributions of nitrate found in plots sampled to 
1.5 m are shown in Figures la through Id. Although 
concentrations of nitrate varied greatly among plots, the 
nitrate distributions are similar in that the highest 
concentrations always occurred in the top 15-cm layer and 
concentrations gradually decreased with increasing depth below 
the surface. The distributions observed were not expected, 
especially after the large amounts of rainfall in 1984. 
Initially, it was expected that this rainfall would have 
leached all nitrate from the surface layers of soils, and the 
objective of the 1984 sampling was to determine the depth to 
which the nitrate moved. 
Although the observed nitrate distributions were not 
expected, concurrent studies utilizing both N-15-labeled 
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Table 2. Rainfall between FN application and soil sampling 
Rainfall 
Month Days 1984 1985 1986 
KANAWHA 
May 1 through 10 1 5 30 
11 through 20 21 29 67 
21 through 31 48 10 33 
June 1 through 10 150 1 a 3 
11 through 20 23 (38) a (11) 
TOTAL 243 45 133 
SUTHERLAND 
May 1 through 10 n.a. 2 56 
11 through 20 n.a. 68 17 
21 through 31 n.a. 29 43 
June 1 through 10 n.a. 0 39 
11 through 20 n.a. 13 10 
TOTAL n.a. 112 165 
Values in parentheses refer to rainfall after sampling 
and are not included in the totals. 
^Not applicable. 
Figure la. Distribution of nitrate-N with depth as affected by N fertilization and 
cropping systems at the LTK site sampled in 1984 
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Figure lb. Distribution of nitrate-N with depth as affected by N fertilization and 
cropping systems at the LTK site sampled in 1985 
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Figure le. Distribution of nitrate-N with depth as affected by N fertilization and 
cropping systems at the LTS site sampled in 1985 
0 
30 
r Fertilized 
i 60 
® 90 
Q 
120 
150 
r Unfertilized 
\ LTS 1985 
continuous corn 
(202 kg N ha"") 
— corn after soybeans 
(202 kg N ha~^) 
— corn after meadow 
(134 kg N ha~^) 
_L 
0 10 20 30 40 50 60 
- \ 
/ 
in 
ui 
0 10 20 30 
NOs-N Concentration (mg kg^ soil) 
Figure Id. Distribution of nitrate-N with depth 
and cropping systems at the STK site 
as affected by N fertilizer rates 
sampled in 1985 
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fertilizers and 0-18-labeled water (Cerrato et al., 1985; 
Priebe and Blackmer, 1986) have shown that such distributions 
are commonly produced by preferential flow of water through 
macropores (i.e., cracks, root channels, wormholes, etc.) 
during rainfall events in the spring. When such preferential 
flow occurs, the downward movement of nitrate from surface 
layers of soils is characterized by very high degrees of 
dispersion. This dispersion causes some nitrate to move 
downward much more rapidly than would be expected in absence 
of preferential flow. However, it also causes a large portion 
of the nitrate to move much more slowly than expected. The 
net effect is distributions of nitrate like those shown in 
Figure 1. In absence of preferential flow, nitrate present in 
surface layers moves downward with relatively little vertical 
dispersion, and relatively little rainfall is needed to remove 
all nitrate from the surface layers of soils. 
The observation that nitrate concentrations usually are 
highest near the soil surface and gradually decrease with 
depth is not supported by many studies (Linville and Smith, 
1971; Cast et al., 1974; Jolley and Pierre, 1977; Onken et 
«al., 1985) indicating that zones of high nitrate 
concentration, or concentration bulges, often occur below the 
soil surface. However, the observation is not contradicted by 
the earlier studies because nitrate distributions were not 
observed in late spring. When nitrate distributions are 
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studied after crop harvest, zones of high nitrate 
concentration below soil surfaces could be produced by plant 
uptake of nitrate from surface layers of soils, where most 
roots are located. When nitrate distributions are studied in 
early spring, they reflect transformations and movement that 
occurred during the fall-to-spring period. In Iowa, of 
coursé, soils are often saturated with water during much of 
this period and some movement should be expected. 
One consequence of the distributions of nitrate shown in 
Figure 1 is that the amounts of nitrate found in the surface 
30-cm layer of soil provides a good estimate of the amounts of 
nitrate in the surface 1.5 m layer of soil. The quality of 
the relationship observed between these amounts (see Figure 2) 
suggests high potential for using nitrate in the surface 30-cm 
layer as a soil test for available nitrogen. It should be 
noted that, especially on Corn Belt soils where roots often 
must extend to depths of a meter or more to acquire water, the 
nitrate soil test would not be reliable if rainfall often 
moves most of the nitrate from the surface 30-cm layers of 
soils but does not move it out of the rooting zone. The 
unexpected distributions of nitrate found in 1984 initially 
prompted this laboratory's interest in the nitrate soil test 
proposed by Magdoff et al. (1984). 
The observation of good relationships between the nitrate 
soil test and corn yields (in Part I) at locations not 
Figure 2. Relationship between nitrate-N in the 0.3-m and 
1.5-m layers of soils as affected by N fertiliza 
tion and cropping systems 
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included in this study suggests that the distributions of 
nitrate shown in Figure 1 are representative of distributions 
of nitrate often found in Iowa soils. The good relationships 
observed provide evidence to support the idea that 
preferential flow of water is important in many Iowa soils. 
Table 3 shows the amounts of nitrate found in plots 
sampled to 1.5 m. As should be expected, t amounts of 
nitrate increased with addition of fertilizer nitrogen at all 
years and sites. In 1984, where large amounts of rainfall 
occurred, apparent recoveries (i.e., fertilizer-induced 
increases in amounts of nitrate expressed as a percentage of 
fertilizer nitrogen applied) indicate that significant amounts 
of fertilizer nitrogen were not found as nitrate. Although 
some of this nitrogen may have remained in the soil as forms 
other than nitrate, some of this nitrogen probably was lost by 
leaching and denitrification. Substantial losses of nitrate 
by these mechanisms seem likely because higher concentrations 
of nitrate were observed in 1985 than in 1984 at the LTK site 
even though the plots sampled in 1984 received more fertilizer 
nitrogen. 
In 1985, when only small amounts of rainfall occurred, 
fertilizer-induced increases in amounts of nitrate within 
sites suggested that only small amounts of fertilizer nitrogen 
could have been lost (see Table 3). Recoveries greater than 
100% may be the result of sampling errors or spatial 
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Table 3. Amounts of nitrate found in plots sampled to 1.5 m 
Amounts of nitrate 
Annual FN Corn after Corn after Corn after 
Year Site treatment corn soybeans meadow 
-kg ha"^- —Vrr Mn"—M Kg IN na — 
1984 LTK 0 43 71 101 
269 205 (60)* 244 (64) 374 (102) 
1985 • LTK 0 65 129 244 
179 355 (162) 312 (102) 451 (116) 
1985 STK 0 57 98 nd^ 
78 141 (107) 171 (94) nd 
157 244 (119) 236 (88) nd 
235 304 (105) 321 (95) nd 
1985 LTS 0 66 97 182 
202 250 (91) 284 (93) nd 
Values in parentheses indicate fertilizer-induced 
increases in nitrate content expressed as a percentage of 
annual FN treatment, where fertilizer-induced increases are 
calculated by subtracting amounts of nitrate in unfertilized 
plots from amounts in fertilized plots. 
^Not determined. 
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variability among plots, but they also could reflect 
differential effects of immobilization and mineralization of 
nitrate among the plots. Differential effects could occur 
because plant residues from the previous year are decomposing 
during the period of interest and because the C/N ratio of 
these materials influences the immobilization and 
mineralization of nitrogen. The stover from unfertilized 
plots has a much higher C/N ratio than stover from fertilized 
plots and therefore more net immobilization may have occurred 
on the unfertilized plots than on the fertilized plots. This 
would cause apparent recoveries to exceed actual recoveries 
because the amounts of nitrate in unfertilized plots are 
subtracted from amounts in fertilized plots to calculate 
apparent recoveries (see footnote of Table 3). Because 
sampling in the late spring reflects these short-term effects 
associated with the decomposition of plant residues, the data 
in Table 3 probably do not provide reliable estimates of 
amounts of fertilizer nitrogen lost between fertilization and 
sampling. However, they do reflect the amounts of nitrate 
available for leaching, denitrification, or plant uptake. 
Among unfertilized plots represented in Table 3, the 
amounts of nitrate found with corn after meadow always were 
greater than those found with corn after soybeans, which were 
greater than those found with corn after corn. This probably 
is caused by mineralization of the residues from the soybeans 
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and meadow crops, which have the capacity to fix nitrogen from 
the atmosphere. The observed trends in nitrate concentration 
are generally consistent with the results of many yield 
response studies (Sutherland et al., 1961; Clegg, 1982; Voss 
and Shrader, 1982; Guillard and Allinson, 1985; Hesterman et. 
al., 1986; Bruulsema and Christie, 1987) indicating that 
yields of corn after legumes usually exceed yields of corn 
after corn on unfertilized soils. 
The differences in amounts of nitrate found among 
cropping systems decreased with increasing rates of fertilizer 
nitrogen application. The added fertilizer could have shifted 
immobilization and mineralization or just made it more 
difficult to detect differences amid relatively high 
concentrations of nitrate. The effect of added fertilizer 
nitrogen on amounts of nitrate in the soil is consistent with 
the results of most yield response studies, which suggest that 
addition of nitrogen fertilizers greatly reduces differences 
caused by previous crops. The finding that the late spring 
soil test for nitrate can detect differences due to previous 
crops provides an additional reason for using this soil test. 
A more extensive evaluation of the effects of nitrogen 
fertilization and cropping systems on the amounts of nitrate 
found in soils during the late spring is provided by Table 4, 
which includes all plots sampled to 30 cm. Many more plots 
were sampled to 30 cm than to 1.5 m (see Table 1). Linear 
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Table 4. Relationships between FN rates (kg N ha and 
amounts of NO3-N and (NH^ + NOgj-N (kg ha"l) found 
in the surface 30-cm layer of soils planted to corn 
2 R and slopes of linear relationships 
Site Year 
Previous 
crop 
FN and NO3-N 
FN 
(NH+ + 
and 
NOg)-N 
R2 Slope^ R^ Slope 
LTK 1984 C 0.78 0.171 0.73 0.175 
1985 C 0.76 0.599 0.76 0.660 
Sb 0.76 0.625 0.77 0.678 
M 0.91 0.492 0.95 0.598 
1986 C 0.77 0.413 0.78 0.432 
Sb 0.74 0.517 0.76 0.547 
M 0.70 0.474 0.71 0.510 
STK 1985 C 0.80 0.446 0.78 0.494 
Sb 0.83 0.470 0.81 0.666 
1986 0.70 0.619 0.69 0.630 
0.90 0.486 0.89 0.512 
Sb 0.87 0.521 0.82 0.513 
LTS 1985 C 0.72 0.544 0.72 0.597 
Sb 0.86 0.626 0.85 0.677 
M 0.62 0.662 0.64 0.719 
1986 C 0.81 0.891 0.79 0.969 
Sb 0.80 0.827 0.79 0.872 
M 0.78 0.756 0.78 0.787 
All linear relationships were significant (P<0.01). 
The quadratic term in a quadratic model was significant 
(P<0.05) only in one crop-site-year. 
^Third year corn in 1986. 
^Second year corn in 1986. 
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relationships between rates of fertilizer application and 
amounts of nitrate found were statistically significant at the 
2 1% level within all site-years. The mean R value was 0.78. 
Because the quadratic terms of quadratic models were 
significant (P <0.05) in only one site-year and because the 
quadratic effect was small, these relationships are best 
described as being linear. 
The slopes of the linear models indicate that 1 kg of 
fertilizer N increased amounts of nitrate in the surface 30-cm 
layer of soil by an average of 0.17, 0.56, and 0.61 kg N/ha 
over all sites in 1984, 1985, and 1986. The small slope 
observed in 1984 probably is explained by the large amount of 
rainfall, which promoted losses of nitrate by leaching and 
denitrification. Differences between the Kanawha and 
Sutherland sites probably reflect differences in amounts of 
nitrogen tied up in organic matter or lost by leaching or 
denitrification. The differences in slope observed suggest 
that the late spring soil nitrate test can be used to identify 
situations where fertilizers need to be applied to compensate 
for losses that occurred because of excessive rainfall. 
Data presented in Table 4 help explain why correlations 
between grain yields and amounts of (nitrate plus exchangeable 
ammonium)-N were not noticeably better than correlations 
between grain yields and amounts of nitrate-N (see Part I). 
The data presented shows that including exchangeable ammonium 
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does not improve values between amounts of fertilizer 
nitrogen applied and amounts of nitrogen found in the soil. 
Over all data presented, exchangeable ammonium represented 19% 
of the inorganic N present in the surface 30-cm layers (see 
Table 5). Because much of this ammonium probably was formed 
by mineralization of organic matter, fertilizer nitrogen 
applied was largely nitrified at the time of sampling. 
Because the standard deviation of means for amounts of 
exchangeable ammonium at the crop-rate-site-years shown in 
Table 5 was only 8.7 kg N ha~^ as compared to a corresponding 
value of 56.6 kg N ha~^ for nitrate, any trends in amounts of 
exchangeable ammonium due to site, year, crop, or rate of 
fertilizer nitrogen application are small enough to be masked 
by differences in amounts of nitrate. 
Table 6 shows comparisons of the effects of 1984 crops 
and fertilizer treatments on amounts of nitrate found in the 
surface 30-cm layer of soil in the late spring of 1985. Plots 
under soybeans and oats in 1985 (i.e., all plots that had 
fertilizer treatments in 1984 and not in 1985) showed no 
residual effects of nitrogen fertilizer treatments applied for 
corn in 1984. The observation that nitrate levels were lower 
under oats than soybeans can be explained by early growth and 
nitrogen uptake by the oats. The soybean crop was too young 
to take up appreciable nitrate before soil samples were 
collected. The lack of residual effect from fertilizer 
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Table 5. Amounts Of NhJ-N in the surface 30-cm layer 
soils planted to corn 
Previous FN Amounts of NHv -N 
Site crop rates 1985 1986 
kg ha ^ kg ha -1 
STK C 0 12 (40)* 10 (40) 
78 12 (16) 14 (25) 
157 17 (16) 17 (14) 
235 21 (15) 15 (11) 
STK Sb 0 10 (22) 20 (37) 
78 16 (18) 11 (18) 
157 18 (14) 17 (13) 
235 62 (29) 13 ( 8) 
LTS C 0 18 (45) 16 (33) 
67 15 (21) 17 (22) 
134 20 (17) 22 (14) 
202 28 (18) 31 (13) 
LTS Sb 0 18 (33) 13 (23) 
67 14 (18) 15 (15) 
134 18 (15) 16 (10) 
202 27 (14) 23 (10) 
LTS M 0 21 (24) 13 (20) 
34 19 (18) 18 (19) 
67 17 (15) 17 (13) 
134 28 (15) 19 (11) 
LTK C 0 13 (29) 11 (33) 
90 26 (28) 11 (18) 
179 33 (16) 19 (16) 
269 27 (13) 14 (10) 
LTK Sb 0 15 (20) 10 (22) 
90 16 (16) 11 (16) 
179 22 (12) 15 (15) 
269 29 (12) 17 ( 9) 
LTK M 0 20 (16) 10 (16) 
90 24 (14) 16 (15) 
179 27 (11) 20 (11) 
269 50 (18) 21 (11) 
lumbers in parentheses are amounts of NH^-N expressed 
as a percentage of (NH^ + NOp-N. 
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Table 6. Amounts of NO3-N found in 1985 in the surface 30-cm 
layer of soils as affected by 1984 crops and 1984 
FN treatments 
1984 1985 NO^-N found for various Ê'N treatments^ 
Site crop crop^ I 2 3 4 
kg NO3-N ha'l 
c c 32 (66)° (172) (178) 
Sb c 59 (87) (164) (213) 
M c 105 (144) (216) (229) 
C 0 13 16 12 20 
C Sb 36 36 42 40 
0 M 18 19 15 15 
c C 22 (58) (97) (126) 
Sb C 37 (64) (100) (167) 
M c 66 (95) (157) nd 
C 0 6 4 6 nd 
C Sb 17 19 18 23 
0 M 12 7 7 nd 
FN treatments (1 through 4) were 0, 90, 179, and 269 
kg ha"l at the LTK site. At the LTS site, they were 0, 67, 
134, and 202 kg ha~^ for corn after corn and corn after soy­
beans and 0, 34, 67, and 134 kg ha~^ for corn after meadow. 
^Crops other than corn did not receive FN. 
^Values in parentheses reflect effects of FN applied 
during 1985 and are provided only for comparison. 
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nitrogen is consistent with N studies (Sanchez and Blackmer, 
1988) showing only small carry-over of fertilizer nitrogen 
during corn production in Iowa. 
Although substantial losses of fertilizer nitrogen 
probably occurred from plots where rates of nitrogen 
application exceeded amounts of nitrogen harvested in the 
crops, little can be stated about amounts of nitrogen lost by 
leaching and denitrification in this study because inputs of 
nitrogen by biological nitrogen fixation are unknown and 
because net changes in soil organic nitrogen content between 
1984 and 1985 are unknown. 
Because the 1984 soybeans and meadow crops greatly 
increased amounts of nitrate found in the 1985 corn plots 
(Table 6), it must be concluded that the 1984 legume crops had 
a much greater effect on amounts of nitrate found than did the 
1984 fertilizer treatments. The effects of 1984 crops on 
amounts of nitrate found in 1985 corn plots could be caused by 
release of biologically fixed nitrogen during decomposition of 
plant residues in the spring. It is theoretically possible 
that the previous meadow and soybean crops increased nitrate 
levels by promoting mineralization of soil organic matter, but 
this possibility is not consistent with the observation that, 
after about 30 years, plots under rotations with legumes had 
more organic nitrogen than did plots under continuous corn 
(Part IV). These observations suggest rotations with legumes 
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enable carry-over of available nitrogen in amounts that are 
not attained during production of corn after corn at normal 
rates of fertilization. 
Overall, the results of this study provide a theoretical 
basis for the late spring soil nitrate test by explaining why 
good relationships between yields and soil test nitrate were 
observed in Parts I and III. The results presented here show 
that, contrary to general belief, the distributions of nitrate 
found in soil profiles at this time are such that 
determinations of the amounts of nitrate present in the 
surface layers of soils provide reasonable assessments of the 
amounts of nitrate within the rooting system. They also show 
that the test has the capacity to detect carry-over of 
available nitrogen when corn is grown after legumes and losses 
of fertilizer nitrogen between cropping seasons. 
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SUMMARY 
Plots from three rotation fertility experiments were 
sampled to study the effects of rates of fertilizer nitrogen 
application and crops on amounts and distribution of nitrate 
found in late spring. Although concentrations of nitrate 
varied greatly among plots, the distributions were similar in 
that the highest concentrations always occurred in the top 15-
cm layer and concentrations gradually decreased with 
increasing depth below the surface. Because of this 
distribution, the amounts of nitrate found in the surface 30-
cm layer of soil provided a good estimate of the amounts of 
nitrate in the surface 1.5 m-layer of soil. Linear models 
indicate that 1 kg of fertilizer N in 1984, 1985, and 1986 
increased amounts of nitrate in the surface 30-cm layer of 
soil by an average of 0.17, 0.56, and 0.61 kg N/ha over all 
sites within each year. Comparisons of amounts of nitrate 
found indicated that rotations with legumes enable carry-over 
of available nitrogen in amounts that are not attained during 
production of corn after corn at normal rates of 
fertilization. The results of this study provide a 
theoretical basis for the late spring soil nitrate test by 
explaining why good relationships between corn yields and soil 
test nitrate have been observed. 
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PART III. THE NITROGEN EFFECT IN A CORN-SOYBEAN ROTATION 
77 
INTRODUCTION 
Crop rotations have many benefits, including controlling 
soil erosion (Wischmeier, 1960), increasing organic matter 
concentrations in soils (Cooke, 1976), improving soil 
structure (Blake, 1980), controlling diseases, weeds and 
insects (Shrader et al., 1962), avoiding allelopathic effects 
(Bhowmik and Doll, 1984) and supplying N for the following 
crop (Sutherland et al., 1961; Clegg, 1982; Hesterman et al., 
1986; Bruulsema and Christie, 1987). Crop rotations with 
legumes were considered essential for profitable grain 
production until commercially-fixed nitrogen became widely 
used in 1950s and 1960s and decreased the importance of using 
rotations. 
Compared to rotations with other legumes, relatively few 
studies in the Corn Belt have been conducted with corn (Zea 
mays L.)-soybean (Glycine max L.) rotations because soybean is 
a relatively new crop in the region and because the crop was 
introduced in a period when the benefits of rotation were 
perceived as being relatively unimportant. Although legume-N 
credits have been ignored by many groups making fertilizer 
recommendations for corn (Devault, 1982) and there are 
differences in amounts of credit that should be given, 
fertilizer credits for nitrogen derived from soybeans are 
often recommended (Kurtz et al., 1984). There also are 
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reports that factors other than nitrogen are involved. In a 
recent review, for example, Kurtz et al. (1984) reported that 
no amount of N fertilizer was able to eliminate the 5 to 10% 
yield disadvantage for corn following corn when compared to 
corn following soybeans. This conclusion is generally 
consistent with the results of some studies (Baldock et al., 
1981; Nafziger et al., 1984), but other studies (Sutherland et 
al., 1961; Shrader et al., 1966; Baldock and Musgrave, 1980) 
report that rotation-induced yield increases are explained 
totally by nitrogen effects. Because corn and soybeans now 
are the major crops grown in the Corn Belt, more information 
about rotation effects between these crops is needed to enable 
selection of the most profitable cropping systems and rates of 
nitrogen fertilizer application after considering appropriate 
economic and environmental factors (Blackmer and Meisinger, 
1988). 
The objective of the research reported here was to learn 
more about the differences in yields between corn in rotation 
with soybeans and corn in monoculture as well as the 
percentages of these differences that can be explained by 
nitrogen effects. 
79 
MATERIALS AND METHODS 
Plots were established in 1984 on a Webster soil (fine-
loamy, mixed, mesic, Typic Haplaquoll) located at the Clarion-
Webster Research Center in Kanawha. The experimental design 
was complete randomized blocks within each of three cropping 
systems; corn-corn-corn, soybeans-corn-corn, and corn-
soybeans-corn for the years 1984, 1985, and 1986. Only data 
for second-year corn (CC) and corn after soybeans (RC) are 
included in this report. The experimental area was cropped to 
oats without nitrogen fertilization in 1983. 
Six fertilizer nitrogen (FN) treatments (0, 39, 78, 118, 
157 and 235 kg N ha~^) replicated four times were applied to 
corn. Urea was broadcasted and incorporated into the soil 
immediately before corn planting each year. Based upon soil 
test recommendations, potassium fertilizer was applied twice 
(spring and fall of 1985) at 90 kg ha~^ as potassium chloride. 
Soil tests, however, indicated adequate soil P levels; 
therefore, no phosphorus fertilizer was applied during the 
experimental period (1984 through 1986). Tillage practices 
consisted of plowing in the fall and field cultivating in the 
spring. Each plot was 4.5 m wide and 12.0 m long and had six 
corn (Pioneer 3732) rows, planted to obtain about 54,000 
plants ha~^. An insecticide (Furadan 15G at 11 kg ha~^) was 
applied to the entire area each year. Soybeans (Corsoy 79) 
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were planted approximately two weeks later than corn in 1984 
and 1985 with no fertilizer nitrogen treatments applied. 
Soil samples were collected in 1985 and 1986 when corn 
plants were between 15 and 30 cm high. The plots were 
sampled by taking 8 cores to a depth of 60 cm in 15-cm . 
increments in a random pattern and compositing each depth 
increment within plots. The soil samples were air-dried, 
crushed to pass a 2 mm sieve and analyzed for exchangeable 
ammonium-N and nitrate-N by using the MgO-Devarda alloy 
distillation method (Keeney and Nelson, 1982). 
Leaf samples were collected at 75% silking from each plot 
by taking 16 leaves located below and opposite the primary 
ears. Grain samples were collected at harvest, which occurred 
in October of each year. Leaf and grain samples were dried at 
65°C, ground and then analyzed for total Kjeldahl N as 
described by Bremner and Mulvaney (1982). The concentrations 
of N in tissues were adjusted to an oven-dry basis. Grain 
yields were measured by hand-harvesting 9-m lengths of the two 
center rows of each plot and adjusted to 15.5% moisture 
content. 
Statistical analyses were performed on the data by using 
SAS programs (SAS Institute Inc., Gary, N. C.). Both the 
quadratic and the linear-response and plateau (LRP) models 
were used in all calculations. Except when an important 
disagreement between these models occurred, data from only the 
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quadratic model are presented. The following equation was 
used to calculate the percentage (P) of rotation-induced 
increases in yields that can be explained by rotation-induced 
increases in amounts of mineral nitrogen found in the plots. 
Predicted RC yields minus Observed CC yields 
P = X 100 (1) 
Observed RC yields minus Observed CC yields 
where predicted RC yields were obtained by solving a quadratic 
model that related amounts of mineral nitrogen found in CC 
plots to CC yields for amounts of mineral nitrogen found in RC 
plots. The quadratic model included all data within years, 
but RC yields were predicted by using data within a 
replication and average yields across replications were used 
in equation (1). This equation also was used to determine the 
percentage of rotation-induced increases in yields that can be 
explained by adjustments of fertilizer nitrogen treatments for 
N derived from soybeans. 
82 
RESULTS AND DISCUSSION 
Yields of CC and RC were significantly increased by 
application of fertilizer nitrogen (FN) in both years (Table 
1). Diminishing returns to fertilizer nitrogen occurred 
because the first increments of fertilizer produced much 
larger yield increases than did the last increments. Yields 
of RC were significantly (P<.05) greater than yields of CC at 
low rates of fertilizer application, but they were not 
significantly greater at the highest rate of fertilization. 
These trends are often found (e.g., Gallo et al., 1981; 
Nafziger et al., 1984; Claassen and Kissel, 1984; Hesterman et 
al., 1986) in studies of the effects of rotation with soybeans 
on corn yields. The observation that yields were not 
significantly different at the highest rate of fertilization 
suggests that nitrogen availability was the major factor 
affecting corn yields in this study. 
Analysis of leaves collected at silking indicated higher 
concentrations of nitrogen in RC than in CC at low rates of 
fertilization, but they were not significantly different at 
the highest rate of fertilization (Table 1). Because the 
concentration of nitrogen in tissues reflects nitrogen 
sufficiency (Macy, 1937), these increases indicate an increase 
in nitrogen availability. If the rotation had increased corn 
growth without increasing nitrogen availability, then the 
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Table 1. Corn grain yields and N concentrations in leaves 
and in grain as affected by rates of FN application 
Cropping Rates of FN application (kg ha~^) 
Year system 0 39 78 118 157 235 
GRAIN YIELDS (kg ha"^)^ 
1985 CC 2747c 3855b 6103c 7857c 9616b 10659ab 
1985 RC 6620a 8267a 9551a 10724a 10859a 11107a 
1986 • CC 2948c 3947b 6171c 8316c 9852b 10289b 
1986 RC 5112b 7628a 8378b 9801b 10924a 10665ab 
CONCENTRATION OF N IN LEAVES AT SILKING (g kg"l) a 
1985 CC 12.3d 13.6c 18.4c 24.4b 25.4b 26.3b 
1985 RC 15.4b 19.3b 23.0b 24.3b 25.0b 25.7b 
1986 CC 13.7c 14.5c 19.7c 24.7b 25.8b 29.1a 
1986 RC 18.5a 23.9a 24.9a 28.9à 30.1a 29.8a 
CONCENTRATION OF N IN GRAIN (g kg' -l)a 
1985 CC 10.2a 10.2a 10.5ab 11.2b 11.9c 14.2a 
1985 RC 9.9ab 10.6a 11.3a 12.6a 13.2ab 13.5b 
1986 CC lO.Oab 9.7b 10.5ab 11.0b 12.6bc 13.6ab 
1986 RC 9.7b 10.3a 10.4b 11.4b 13.5a 14.0ab 
Within columns, means followed by the same letter are 
not statistically different as indicated by LSD values 
(P<0.05). 
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concentration of nitrogen in the tissues should have 
decreased. An analysis of the relationships between yields of 
grain and yields of nitrogen in grain (Figure 1) indicates 
that data from RC and CC plots formed a single line and, 
therefore, differences in nitrogen availability accounted for 
most of the differences in yield. 
Figure 2 shows the relationship between grain yields and 
adjusted fertilizer treatments, where the adjusted treatments 
are the sum of fertilizer nitrogen applied and an estimate of 
the amounts of N supplied by soybeans. This estimate was 
obtained by modeling yield response to fertilizer nitrogen 
treatments on the CC plots and by using this model to 
determine amounts of fertilizer required to attain yields 
equal to those observed on RC plots without fertilizer 
nitrogen treatments. The equations used are shown in Table 2. 
The adjustments were 87 and 50 kg N/ha in 1985 and 1986, 
respectively. Because points representing CC and RC plots 
form a single response function, the information presented in 
Figure 2 suggests that differences in nitrogen availability 
account for the differences in yield observed in this study. 
Table 3 shows the percentages of the rotation-induced 
yield increases that can be attributed to nitrogen 
availability by adjusting fertilizer treatments of nitrogen 
supplied by soybeans. These values indicate that most of the 
rotation-induced increases in yield can be explained by 
Figure la. Relationship for 1985 between nitrogen yields and 
corn grain yields for corn after corn and corn 
after soybeans 
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Figure lb. Relationship for 1986 between nitrogen yields and 
corn grain yields for corn after corn and corn 
after soybeans 
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Figure 2a. Relationship for 1985 between adjusted fertilizer 
nitrogen rates and corn grain yields for corn 
after corn and corn after soybeans 
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Figure 2b. Relationship for 1986 between adjusted fertilizer 
nitrogen rates and corn grain yields for corn 
after corn and corn after soybeans 
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Table 2. Equations used to calculate adjustments for FN treatments for RC, and to 
predict RC yields from adjusted FN treatments 
2 Equation R Obtained from Used to 
1. Y=2329 + 57. 30 N - 0. 0895 N^ 0. 97 FN rates versus 
CC-1985 yields 
Adjust FN rates for 
RC-1985 
2. Y=2402 + 62. 20 N - 0. 1173 N^ 0. 93 FN rates versus 
CC-1986 yields 
Adjust FN rates for 
RC-1986 
3. Y=1617 + 00
 
01 N - 0. 12 N^ 0. 95 Adjusted FN rates 
versus yield of 
RC-1985 
Predict yields for 
RC-1985 by using 
adjusted FN rates 
4. Y=2029 + 70. 78 N - 0. 1412 N^ 0. 95 Adjusted FN rates 
versus yield of 
RC-1986 
Predict yields for 
RC-1986 by using 
adjusted FN rates 
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Table 3 .  Percentage of rotation-induced yield increases 
explained by adjusted FN rates 
1985 1986 
Adjusted 
FN rates^ 
Percentage 
explained" 
Adjusted 
FN rates^ 
Percentage 
explained^ 
kg ha~^ kg ha~^ 
87 100(102)° 50 105(118) 
126 97(97) 89 83(83) 
165 94(102) 128 104(104) 
205 85(106) 168 82(110) 
^Highest two FN treatments are not included because of 
large errors associated with small yield increases. 
^Calculated by equation (1) of Material and Methods. 
Predicted RC yields were calculated from equations 3 and 4 
of Table 3. 
^Numbers in parentheses indicate values calculated by 
using the LRP model. 
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increases in nitrogen availability. It should be noted, 
however, that the accuracy of these numbers tends to decrease 
with increase in amounts of fertilizer applied because spatial 
variability in yields exceeds treatment-induced increases in 
yields at the highest rates of fertilization. For this 
reason, values are not presented for the highest rates of 
fertilization. 
The amounts of nitrate-N and (nitrate plus exchangeable 
ammonium)-N found in the surface 30-cm and 60-cm layers of the 
CC and RC plots are shown in Table 4. Averaged over 
fertilizer treatments and years, rotation-induced increases in 
amounts of nitrate were 17 and 23 kg ha~^ to 30 cm and 60 cm, 
respectively. The corresponding increases in amounts of 
ammonium plus nitrate were 21 and 30 kg ha"^. The amounts of 
nitrogen found in the soil are noticeably lower than the 
adjustments in fertilizer treatments used to generate the 
curves in Figure 2. Some of this difference can be explained 
by recognizing that the adjustments in fertilizer treatments 
are expressed in terms of equivalent amounts of fertilizer. 
Because only a portion (e.g., about 50% to a depth of 30 cm) 
of the fertilizer nitrogen applied preplant is found in the 
soil in late spring (Part II), a difference between amounts of 
(nitrate plus exchangable-ammonium)-N and fertilizer 
equivalents should be expected. Also, any nitrogen that 
mineralized from soybean residues after the soil samples were 
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Table 4. Amounts of NOZ-N and (Nllt + NO^)-N found in the 
surface 30-cm layers and 60-cm layers of plots 
Year 
Cropping 
system 
Rates of FN application (kg ha~^) 
0 39 78 118 157 235 
NOg-N to 30 cm (kg ha ^ 
1985 CC 18b 35bc 62ab 85a 87b 121a 
1985 RC 37a 61a 71a 85a 108ab 152a 
1986 CC 15b 26c 41c 62b 103ab 120a 
1986 RC 34a 40b "51bc 75ab 116a 147a 
(NH+ + NOg)-N to 30 cm (kg ha"l)S 
1985 CC 31b 45bc 74ab 103a 104b 143b 
1985 RC 47a 75a 87a 106a 126ab 215a 
1986 CC 26b 37c 54c 76b 120ab 134b 
1986 RC 54a 50b 62bc 88ab 134a 159ab 
NO~-N to 60 cm (kg ha-1)* 
1985 CC 29b 56b 87ab 131a 133a 169a 
1985 RC 58a 93a 107a 122a 149a 212a 
1986 CC 23b 41c 65b 96b 140a 167a 
1986 RC 58a 66b 78b 114ab 155a 202a 
(NH+ 
- NOgl-N to 60 cm (kg ha"l)B 
1985 CC 48b 71bc 105b 159a 161a 200b 
1985 RC 75a 115a 133a 155a 180a 304a 
1986 CC 41b 59c 86b 118b 165a 193b 
1986 RC 92a 83b 94b 135ab 180a 222b 
Within columns, means followed by the same letter are 
not statistically different as indicated by LSD values 
(P<0.05). 
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collected would be reflected in the adjustments made in Figure 
2 .  
Table 5 shows the percentages of rotation-induced 
increases in yield that can be explained by amounts of nitrate 
and exchangeable ammonium in soils. One problem with the data 
presented is that significantly more than 100% of the 
rotation-induced increase in yield in 1986 is explained by 
rotation-induced increases in amounts of nitrate plus 
exchangeable ammonium to 30 cm and 60 cm. This can be 
explained if it is recognized that the soil test includes 
nitrogen that is not available to plants or it overestimates 
the importance of some of this N. The results would suggest 
that ammonium-N found in the 30-cm and 60-cm layers of soil in 
1986 was not as available to plants as the nitrate in the same 
layers. This conclusion is consistent with the observation 
(Part I) that relationships between yields and soil test 
nitrate-N are at least as good as relationships between yields 
and soil test (nitrate plus exchangeable ammonium)-N. 
An important trend in the data reported in Table 5 is 
that, except where no fertilizer nitrogen was applied in 1985, 
each additional increment of fertilizer nitrogen decreases the 
percentage of rotation-induced yield increases that are 
explained by rotation-induced increases in mineral nitrogen. 
There are many possible explanations for this trend. Some of 
these relate to greater availability per unit legume nitrogen 
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Table 5. Percentage of rotation-induced yield increases 
explained by nitrate-N and (exchangeable ammonium 
plus nitrate)-N found in plots 
FN 
rates* 
NO3-N 
to 30 cm 
Percentage explained by 
NO3-N 
to 60 cm 
(NH^+NOgl-N 
to 30 cm 
•% 
(NH^+NOgl-N 
to 60 cm 
1985 
0 
39 
78 
118 
38 
54 
25 
1 
46 
64 
36 
8 
56 
83 
64 
56 
68 
92 
77 
65 
1986 
0 
39 
78 
118 
76 
42 
19 
8 
98 
53 
23 
15 
124 
81 
86 
113 
153 
91 
87 
121 
Calculated by equation (1) of Material and Methods. 
Predicted RC yields were obtained by solving quadratic equa­
tions that related amounts of nitrogen found in CC plots to 
CC yields for amounts of nitrogen found in RC plots. 
'^Highest two FN treatments are not included because of 
large errors associated with small yield increases. 
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than fertilizer nitrogen, which might be caused by position or 
distribution in the soil or by susceptibility to loss from the 
plots. Other explanations might involve allelopathy. These 
explanations, however, cannot be reconciled with the data 
presented in Figures 1 and 2. The most probable explanation 
for the tendency for fertilizer nitrogen to decrease 
percentage values in Table 5 is that the total rotation effect 
involves a residual deficit of nitrogen on CC plots having low 
fertilizer nitrogen treatments as well as an input of soybean 
nitrogen on RC plots. This residual nitrogen deficit could be 
present as corn residues decomposed with consumption of 
fertilizer nitrogen after the soil samples were collected. 
The decomposition of corn residues requires significant inputs 
of nitrogen (Stanford, 1973). Because identical fertilizer 
nitrogen treatments were applied to the CC plots the year 
before data collection as well as the year of data collection 
and because rates of residue decomposition before sampling 
probably increase with increase in amounts of residual 
fertilizer nitrogen, it is likely that a variable percentage 
of the nitrogen present at soil sampling was consumed during 
residue decomposition. It is probable that this variability 
could cause rotation-induced amounts of mineral nitrogen to be 
smallest at intermediate fertilizer nitrogen treatments (as 
shown in Table 4) because the amounts of stover, C/N ratio of 
the stover, and amounts of residual nitrogen all are 
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influenced by fertilizer nitrogen treatments applied the year 
before. This explanation is consistent with data presented in 
Figures 1 and 2. If it is assumed that dry weather delayed 
decomposition of corn residues in the spring of 1985, this 
explanation is consistent with the data presented in Figure 3, 
which shows that data points for the 1985 CC plots have a 
clear tendency to be below the other data points. This would 
cause a rotation-induced increase in yields that was related 
to nitrogen availability, but one that could be easily 
mistaken for an effect not related to nitrogen availability. 
Figure 3 shows relationships between yields and amounts 
of nitrate and (nitrate plus exchangeable ammonium) found in 
the surface layers of the plots. Because the points 
representing RC plots do not show a clear tendency to lie 
above points representing CC plots, these relationships offer 
little support to the idea that factors other than nitrogen 
availability had a significant effect on yields. The nearly 
vertical distribution of points representing nitrate plus 
exchangeable ammonium to 60 cm (Figure 3c) is consistent with 
the conclusion that much of the ammonium included in the soil 
test is not utilized by plants. 
Table 6 shows maximum yields predicted by regression with 
fertilizer nitrogen treatments and nitrogen rates required for 
various yield levels as predicted by the quadratic and the LRP 
models. Comparisons of maximum yields observed and those 
Figure 3. Relationships between corn grain yields and 
mineral nitrogen found in the surface 30-cm 
and 60-cm layers of soil 
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Table 6. Maximum yields and FN rates required for various 
yield levels as predicted by the quadratic and the 
LRP models 
Cropping Maximum Required FN rate 
Year system yield 95%^ 90%^ 
kg ha~^ 
QUADRATIC MODEL 
1985 CC 0.97 11500 320 240 207 
1985 RC 0.95 11251 196 128 100 
1986 CC 0.93 10648 265 198 170 
1986 RC 0.95 10899 201 139 113 
LRP MODEL 
1985 CC 0.98 10659 181 ND" ND 
1985 RC 0.95 10983 122 ND ND 
1986 CC 0.96 10289 166 ND ND 
1986 RC 0.95 10795 140 ND ND 
^Maximum yield, 95% of maximum, and 90% of maximum. 
^Not determined. 
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predicted by the models indicate general agreement, but do not 
agree on exact values of maximum yields. The LRP predicted 
maximum yields that were within about 1% of observed maximum 
yields for CC and RC in both years. The quadratic model 
predicted maximum yields for RC that were within 1% of 
observed maximum treatment means, but it predicted maximum 
yields about 8 and 4% above the highest treatment means 
observed for CC plots in 1985 and 1986, respectively. This 
small disagreement is consistent with the amount of error that 
must be expected in field research and there is little basis 
for speculation concerning the exact values of maximum yields 
at each site year. 
The rotation-induced decreases in amounts of fertilizer 
nitrogen required to attain maximum yield as predicted by the 
quadratic equation (Table 6) are much greater than the 
adjustments in fertilizer nitrogen treatments used to produce 
the curves in Figure 2, which were greater than the amounts of 
rotation-induced increases in amounts of available nitrogen 
found in the plots. A comparison of these values provides 
some suggestion that factors other than nitrogen caused the RC 
to have a higher yield potential than CC. Unfortunately, this 
study (as most previous studies of rotation effects) did not 
include a sufficient number of treatments at high rates of 
fertilization to clearly establish maximum yields and evaluate 
this possibility adequately. 
105 
SUMMARY 
Studies were conducted to learn more about the 
differences in yields between corn in rotation with soybeans 
and corn in monoculture as well as the percentages of these 
differences than can be explained by nitrogen effects. These 
differences were studied by applying six fertilizer nitrogen 
treatments (0 to 235 kg N ha"^) to corn following corn and to 
corn following soybeans. Analyses of grain yield response to 
fertilizer nitrogen, N concentration in leaves at silking, and 
relationships between grain yields and yields of N in grain 
indicate that nitrogen availability was the major factor 
affecting corn yields in this study. Rotation-induced 
increases in amounts of mineral nitrogen found in the soil to 
a depth of 60 cm in late spring were 23 kg N ha"^ as nitrate 
and 30 kg N ha"^ as nitrate plus exchangeable ammonium. When 
expressed in fertilizer equivalents, amounts of nitrogen 
carried over from soybeans to corn were 87 and 50 kg N ha""^ in 
1985 and 1986, respectively. When fertilizer nitrogen 
treatments were adjusted for amounts of nitrogen supplied by 
soybeans, essentialy all of the rotation-induced increases in 
corn yields could be explained. The results show the need for 
many fertilizer nitrogen rates near maximum yields for 
assessing the percentage of rotation-induced yield increases 
that are caused by nitrogen. 
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PART IV. ORGANIC NITROGEN IN IOWA SOILS AS AFFECTED 
BY CROPPING SYSTEMS AND FERTILIZER NITROGEN 
109 
INTRODUCTION 
Organic nitrogen content is an important factor affecting 
the productivity of agricultural soils. The results of many 
studies (Moldenhauer et al., 1967; Larson et al., 1972; 
Rasmussen et al., 1980; Bauer and Black, 1981; Tiessen et al., 
1982; Odell et al., 1984; Zielke and Christenson, 1986) 
indicate that the organic nitrogen content of soils changes 
during agricultural production and that the rate of change is 
influenced by many factors, including crop management, amounts 
and type of residues applied, application of animal manures, 
tillage, cropping systems, and rates of fertilization. 
Until the 1950s, rotations involving sods with legumes or 
legume grass mixtures were considered essential for 
maintaining soil nitrogen content. Starting in the 1950s, 
crop production in the Corn Belt has changed from these 
rotations to continuous production of grain crops. This 
change was made possible by increased availability of 
commercially fixed nitrogen fertilizers, which have seemed 
inexpensive compared to the value of the additional crops that 
can be produced. 
There is increasing concern, however, that current 
nitrogen fertilization practices may be expensive because of 
hidden costs associated with problems not recognized in the 
past. These problems include that (1) the manufacture of 
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nitrogen fertilizers aids in the depletion of global energy 
supplies, (2) losses of fertilizer nitrogen by leaching 
decreases the quality of local and regional groundwater 
supplies (see Keeney, 1982), (3) losses of fertilizer nitrogen 
to the atmosphere may result in decreases in the amounts of 
ozone in the stratosphere (see Crutzen and Ehhalt, 1977), and 
(4) the use of nitrogen fertilizers increases the cost of 
government programs to control overproduction of grain crops 
(see Blackmer and Meisinger, 1988). 
It is possible that many of the these problems could be 
reduced by changing back to crop rotations with legumes and 
using less commercially fixed nitrogen fertilizers. However, 
there is need for more information concerning how much change 
is desirable and the economic and environmental benefits that 
could be expected from this change. Important information 
needed includes the relative effects of cropping systems and 
nitrogen fertilizers on losses of nitrogen from soils 
(Blackmer, 1987). 
The objective of the studies reported here was to 
determine the effects of fertilizer nitrogen treatments and 
cropping systems on concentrations of organic nitrogen in 
soils of two long-term rotation fertility studies in Iowa. 
Because the treatments applied to these plots have been 
relatively constant over a period of about 30 years, the 
differences observed among treatments provide a reasonable 
I l l  
comparison of the effects of current and past management 
practices on the nitrogen content of soils. This information 
is needed to assess the effects of past and current management 
practices on amounts of nitrogen lost to the environment and 
to identify the best management practices for the future. 
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MATERIALS AND METHODS 
Two long-term rotation fertility experiments were sampled 
in 1985 in order to determine the organic nitrogen contents of 
plots under different crop rotations. One of the experiments 
started in 1954 at Kanawha (LTK site) on a Webster soil (fine-
loamy, mixed, mesic, Typic Haplaquoll). The experiment is 
arranged in a randomized block design with a split-plot 
structure and two replications. Six crop rotations are the 
whole-plot treatments and four fertilizer nitrogen (FN) rates 
are the sub-plots. Fertilizer nitrogen is applied for corn 
(Zea mays L.) only. The six crop rotations are (1) continuous 
corn, (2) corn-corn-corn-oats (Avena sativa L.), (3) corn-
soybeans (Glycine max L.)-corn-soybeans, (4) corn-soybeans-
corn-oats, (5) corn-corn-oats-meadow, and (6) corn-oats-
meadow-meadow. Meadow is formed by 50% alfalfa (Medicago 
sativa L.) and 50% red clover (Trifolium pratense L.). 
Rotation 3 was the same as rotation 4 until 1983. For this 
reason data from these rotations were pooled and described as 
corn-soybeans-corn-oats in the text. Rotation 2 is not 
included in this study. The nitrogen rates applied to corn 
were 0, 34, 67, and 134 kg ha"^ from 1954 to 1970; 0, 202, 67, 
and 134 kg ha~^ from 1971 to 1982; and 0, 269, 90, and 179 kg 
ha"^ from 1983 to 1985. Because the second fertilizer 
treatment was changed from the lowest rate to the highest rate 
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of fertilization in 1971, this treatment is not included in 
the study. The total amounts of fertilizer nitrogen applied 
for each treatment are shown in Table 1. 
The other experiment started in 1957 at Sutherland (LTS 
site) on a Galva silt loam soil (fine-silty, mixed, mesic, 
Typic Hapludoll). It has a complete randomized block design, 
with à split-plot structure and two replications. Six crop 
rotations form the main plots and four nitrogen rates (applied 
only to corn and sorghum plots) constitute the sub-plots. The 
six crop rotations are (1) continuous corn, (2) corn-soybeans-
corn-soybeans, (3) corn-corn-oats-meadow, (4) sorghum-corn-
oats-meadow, (5) corn-oats-meadow-meadow (6) continuous corn 
with stover removed (corn for silage). Rotation 4 is not 
included in this study. Meadow is formed by alfalfa only. 
The nitrogen rates applied were not the same for all 
treatments. For rotation 1 (continuous corn) the nitrogen 
rates were 0, 45, 90, and 134 kg ha~^ from 1957 to 1982. 
During the same period, corn in the remaining rotations 
received 0, 22, 45, and 90 kg ha~^. From 1983 to 1985 
rotations 1, 2, and 6 received 0, 67, 134, and 202 kg ha 
while corn in rotations 3, 4 and 5 received 0, 34, 67, and 134 
kg ha~^ of fertilizer nitrogen (see Table 1 for the total 
amounts of fertilizer nitrogen applied). 
Conventional tillage (moldboard plowed in the fall and 
field cultivated in the spring) was used at each site. Only 
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Table 1. Total amounts of fertilizer nitrogen applied to 
corn in various cropping systems 
Cropping 
system* 
Amounts of fertilizer applied 
for various N treatments 
CCCC 
CSbCSb 
CCOM 
COMM 
CsCsCsCs 
0 
0 
0 
0 
0 
—kg ha 
LTS 
-1 
1299 
661 
336 
171 
1299 
2598 
1322 
672 
342 
2598 
3898 
1982 
1344 
683 
3898 
LTK 
CCCC 
CSbCO 
CCOM 
COMM 
0 
0 
0 
0 
3746 
1814 
1890 
949 
2117 
1053 
1092 
554 
4234 
2106 
2184 
1109 
^C=corn, Sb=soybeans, O=oats, M=meadow, Cs=corn for 
silage. 
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grains were removed from the corn plots, except for treatment 
6 at the LTS site where the aboveground parts of corn plants 
were removed. Soil sampling occurred during the spring of 
1985, when eight cores were taken from each sub-plot and then 
composited. The sampling depth was 45 cm in 15-cm increments. 
The soil samples were air dried, ground (<0.5 mm) and analyzed 
for total Kjeldahl N by using the permanganate-reduced iron 
method described by Bremner and Mulvaney (1982). 
Amounts of nitrogen found in the soils were calculated by 
using bulk densities of 1.35, 1.40, and 1.45 Mg m~^ for the 0-
15 cm, 15-30 cm, and 30-45 cm layers, respectively. Nitrogen 
in corn grain was calculated by using an established (Pierre 
et al., 1977) relationship between percentage nitrogen in 
grain and relative yields of corn. 
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RESULTS AND DISCUSSION 
Figures 1 and 2 show that the concentrations of organic 
nitrogen found in the plots were influenced by both cropping 
systems and fertilizer nitrogen treatments at both sites. 
Data presented in Table 2 show that nitrogen contents of all 
plots at the LTS site decreased during the study. Although 
samples indicating the initial nitrogen contents of plots at 
the LTK site could not be located, the nitrogen contents of 
soil samples collected in grassy alleyways around the 
experiment (see Figure 1) suggest that substantial losses also 
occurred at this site. These observations indicate that the 
effects of cropping systems and fertilizer nitrogen treatments 
must be discussed from the perspective of minimizing net 
losses of organic nitrogen from the plots, rather than from 
the perspective of increasing soil nitrogen contents. 
The differences in nitrogen concentrations shown in 
Figures 1 and 2 cannot be attributed to erosion of soil from 
the area because the differences refer to relative differences 
among many plots randomized within a small area. The 
differences cannot be attributed to a net movement of soil by 
erosion from plots under corn to plots under sod because the 
differences reflect a change in percentage nitrogen in the 
surface layers rather than changes in amount of soil. Uptake 
of fertilizer nitrogen by plants near the borders of the plots 
Figure 1. Organic nitrogen in the soil (a = 0 to 15 cm), 
b = 15 to 30 cm, and c = 30 to 45 cm) at the LTK 
site as affected by cropping systems and total 
amounts of fertilizer nitrogen applied 
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Figure 2. Organic nitrogen in the soil (a = 0 to 15 cm, 
b = 15 to 30 cm, and c = 30 to 45 cm) at the LTS 
site as affected by cropping systems and total 
amounts of fertilizer nitrogen applied 
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Table 2. Average organic nitrogen content (0 to 15 cm)., at 
the LTS site at the beginning (1957) and at the 
time of soil sampling (1985) 
Cropping Organic nitrogen 
system^ 1957 1985 Change 
g kg 1-
cccc 2.59 2.33 -10.0 
CSbCSb 2.55 2.23 -12.5 
CCOM 2.63 2.48 - 5.7 
COMM 2.65 2.63 — 0.8 
CsCsCsCs 2.52 2.15 -14.7 
^C=corn, Sb=soybeans, O=oats, M=meadow, Cs=corn for 
silage. 
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and lateral movement of soil by tillage or wind would tend to 
cause underestimates, rather than overestimates, in the 
differences among the plots. The differences must be 
attributed to oxidative losses, or mineralization, of organic 
soil nitrogen. 
The highest concentrations of nitrogen were found at both 
locations in rotations with meadow. The lowest concentrations 
were found in plots with continuous corn. At the LTS site, 
the plots with continuous corn for silage had significantly 
lower concentrations than did the plots with continuous corn 
for grain. In the surface layer of soils at both locations 
(Figures la and 2a), the nitrogen concentrations in plots with 
rotations including soybeans or oats were between the 
concentrations found in plots having meadow and those having 
continuous corn. In the subsurface layers (Figures lb, Ic, 
2b, and 2c), the nitrogen content of plots having rotations 
with soybeans or oats were less than in plots having meadow or 
continuous grain corn. 
Table 3 shows that the amounts of nitrogen found in the 
surface layers of the unfertilized COMM plots were 8 and 11% 
higher than in the unfertilized CCCC plots at the LTS and LTK 
sites, respectively. Within rotations, amounts of nitrogen 
found in plots having the highest rates of fertilization were 
5 and 12% higher than the amounts found in the unfertilized 
plots at the LTS and LTK sites. The amounts of nitrogen found 
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Table 3. Amounts of nitrogen found in the surface 45-cm 
layers of plots as affected by cropping systems and 
nitrogen fertilizer treatments 
Amounts of N found for various 
Cropping fertilizer nitrogen treatments 
system* 1 2 3 4 
1 u ~ •1 
LTS 
CCCC 10828 11071 11217 11197 
CSbCSb 10461 10813 11019 11125 
CCOM 11394 11703 11957 12166 
COMM 11712 11962 12174 12259 
CsCsCsCs 10058 10214 10524 10546 
LTK 
CCCC 11356 ND^ 12170 13334 
CSbCO 11300 ND 11632 12320 
CCOM 12240 ND 12898 13817 
COMM 12628 ND 13003 13668 
^C=corn, Sb=soybeans, O=oats, M=meadow, Cs=corn for 
silage. 
^Not determined. 
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in fertilized plots under rotations with 2 years of meadow 
were 13 and 20% higher than the amounts found in continuous 
corn without fertilization at the LTS and LTK sites, 
respectively. The magnitude of these differences suggest that 
the change from rotations to intensive row crop production 
probably has caused a significant loss of organic nitrogen 
from Corn Belt soils within the past 30 years. Although the 
use of commercially fixed nitrogen fertilizers has helped to 
reduce these losses, it was the use of these fertilizers that 
made this change possible. When evaluating the effects of 
commercially fixed nitrogen fertilizers on changes in soil 
organic matter content, it is important to realize that the 
unfertilized plots in rotations with meadow are not 
representative of former rotations because animal manures were 
not applied to these plots. 
Nitrogen balance sheets for the continuous corn for grain 
plots at the LTK and LTS sites are provided in Table 4. 
Balance sheets for other rotations are not presented because 
the amounts of nitrogen fixed by legume crops are unknown. 
The amounts of nitrogen harvested with grain increased with 
amounts of fertilizer nitrogen applied, reflecting both higher 
yields and higher percentages of nitrogen in tissues from the 
fertilized plots. However, data presented show that the 
addition of nitrogen fertilizers decreased oxidative losses of 
nitrogen from soil organic matter. This can be explained if 
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Table 4. Nitrogen balance sheet for continuous corn plots at 
the LTS and LTK sites 
Amounts of nitrogen found for 
Addition, removal or fertilizer nitrogen treatments^ 
loss of nitrogen 1 2 3 4 
kg ha~^ 
LTS 
Added as fertilizer 0 1299 2598 3898 
Removed in grain^ 1462 2261 2673 2950 
Released from org. matter^ 1487 1244 1098 1118 
Unaccounted for 25 282 1023 2066 
LTK 
Added as fertilizer 0 ND^ 2117 4234 
Removed in grain^ 1081 ND 2313 3074 
Released from org. matter^ 3223 ND 2409 1245 
Unaccounted for 2142 ND 2313 2405 
^See Material and Methods section for N rates applied. 
^Calculated as suggested by Pierre et al. (1977) by 
establishing relationship between N concentration in grain 
and relative yields of corn. 
^At the LTS site, difference between the original 
amounts of nitrogen and the amounts obtained at the time of 
sampling. At the LTK site, values shown were calculated 
from samples collected in grassed alley-ways around blocks. 
^Not determined. 
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it is considered that increasing amounts of mineral nitrogen 
in soils increases rates of immobilization (and that organic 
nitrogen level is maintained by a balance of immobilization 
and mineralization). The data presented are contrary to the 
idea that addition of fertilizer nitrogen increases net 
mineralization of soil organic matter, as has been suggested 
by many researchers (see Jansson and Persson, 1982) to explain 
why apparent recoveries of fertilizer nitrogen in crops 
usually exceed recoveries observed in studies employing N-
labeled fertilizers. A more fitting explanation for this 
discrepancy relates to simultaneous mineralization and 
immobilization, which results in biological interchange of 
nitrogen atoms. 
The differences in nitrogen contents among plots (see 
Figure 2, Table 3) between the continuous corn for grain and 
for silage at the LTS site can be explained by recognizing 
that more carbon was added in the form of plant residues on 
the plots for grain production and that the additional carbon 
caused greater amounts of nitrogen to be immobilized. These 
differences are consistent with the idea (Allison, 1973) that 
the amount of carbonaceous materials added to soils is an 
important factor affecting changes in levels of organic 
matter. 
The apparent recoveries of fertilizer nitrogen in the 
grain harvested (Table 5) decrease with increase in amount of 
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Table 5. Apparent recovery of nitrogen in grain and in grain 
plus soil at the LTS and LTK sites 
Site N found in 
Apparent recovery of N 
for nitrogen treatments^ 
2 3 4 
LTS Grain^ 
Grain plus soil° 
62 
80 
47 
61 
38 
47 
LTK Grain^ 
Grain plus soil 
ND" 
ND 
56 
97 
47 
94 
See Material and Methods section for N rates applied. 
^Calculated from Table 4 by using the following formula: 
% recovered = ((RGT - RGC)/TPNA) * 100, where RGT = amount 
removed in grain at each treatment; RGC = amount removed in 
grain from the control plots; and TPNA = total amount of 
fertilizer nitrogen added. 
^Calculated from Table 4 by using the following formula: 
% RECOVERED = (RQ^C - ROMT(RGT - RGC) * lOQ; where ROMC = 
amount released from organic matter from the control plots 
and ROMT = amount released from organic matter from each 
treatment. 
Not determined. 
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fertilizer nitrogen applied, a trend that is almost always 
observed in studies of crop response to nitrogen fertilizers. 
The values for apparent percentage recovery are consistent 
with other reports of these sites (Jolley and Pierre, 1977; 
Blackmer and Meisinger, 1988) if it is recognized that only 
treatments with relatively low rates of fertilization are 
shown in Table 5 for the LTK site. Data presented in Table 5 
show that a portion of the fertilizer nitrogen that was not 
recovered in grain was recovered in the soil. This finding 
illustrates that the efficiency of a fertilization practice is 
greater when measured in terms of apparent recovery of 
fertilizer nitrogen in the soil plus grain rather than only in 
grain. 
Data presented in Table 5 show that increases in values 
for apparent percentage recovery of fertilizer nitrogen 
diminished with each increment of fertilizer applied. This 
trend can be explained by considering that organic carbon, as 
well as mineral nitrogen, is required for immobilization to 
occur. These observations (and the shapes of the curves in 
Figure 2) suggest that appropriate rates of fertilization are 
important for the conservation of soil organic nitrogen but 
that additions of fertilizer above currently recommended rates 
should not be expected to have beneficial effects. 
Based on trends expected when virgin soils are first 
plowed (see Allison, 1973; Legg and Meisinger, 1982) it is 
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likely that the rates at which nitrogen was lost from the 
plots was most rapid soon after the study was initiated and 
decreased with time. A decrease in rate of oxidative loss of 
soil organic matter would help explain why it was necessary to 
increase rates of fertilization during the study (see 
materials and methods). If the plots are considered typical 
of soils in Iowa, this trend would offer a partial explanation 
as to why rates of fertilization have increased in Iowa over 
the past 30 years. 
The data presented in Table 5 suggest that the oxidative 
losses of nitrogen from soil organic matter at the LTK site 
represent a large amount of nitrogen compared to the amounts 
of fertilizer applied. These values may contain substantial 
error because data for initial nitrogen contents of the plots 
at this site could not be obtained and changes with time ware 
estimated by determining the nitrogen content of grassy 
alleyways around the experiment. Large oxidative losses of 
nitrogen from this soil are reasonable because tile drains 
were installed just before the start of the study. The 
resulting improvements in drainage and aeration status should 
be expected to promote oxidative losses of soil organic 
nitrogen. For this reason, it seems like any errors in 
assessments of nitrogen losses are on the side of 
underestimating these losses. Because many soils in the Corn 
Belt were tile drained within the past 30 years, it needs to 
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be recognized that the practice of tile draining soils may 
have caused substantial losses of nitrogen from soil organic 
matter. The low recoveries of labeled nitrogen in soil plus 
grain observed by Sanchez and Blackmer (1988) in such soils 
are suggestive of large releases of nitrogen from soil organic 
matter. 
Overall, the results of this study indicate the need for 
greater appreciation that the nitrogen contents of soils in 
the Corn Belt are decreasing and that both cropping systems 
and nitrogen fertilization practices influence the rate of 
this decrease. Evaluations of the efficiency of a 
fertilization system must reflect the amounts of organic 
nitrogen conserved in soil as well as amounts recovered in the 
crop. Any adjustments of fertilization practices to protect 
the quality of groundwater resources must consider the need to 
protect the productivity of soil resources. 
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SUMMARY 
The soil from plots in two long-term rotation-fertility 
experiments were sampled and analyzed to determine the effects 
of cropping systems and fertilizer nitrogen on concentrations 
of organic nitrogen in soils. Analyses indicated that the 
nitrogen contents of all plots decreased. The highest 
concentrations of nitrogen were found at both locations in 
rotations with meadow, and the lowest concentrations were 
found in plots with continuous corn. Within rotations, 
amounts of nitrogen found in plots having the highest rates of 
fertilization were 5 and 12% higher than the amounts found in 
the unfertilized plots at the sites studied. These results 
suggest that the effects of cropping systems and fertilizer 
nitrogen treatments were both important with respect to 
preventing the decline in soil nitrogen content. Nitrogen 
balance sheets for the continuous corn plots indicate that 
appreciable amounts of fertilizer nitrogen not recovered in 
the grain could be accounted for as nitrogen in organic 
matter. The results suggest that nitrogen fertilizers would 
be required to maintain soil productivity even if cropping 
systems reverted to those common in the Corn Belt before 
commercial fertilizers became widely used. 
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GENERAL SUMMARY 
Field studies were conducted for three years to acquire a 
better understanding of the effects of fertilizer nitrogen and 
cropping systems on the availability of nitrogen for corn 
production in short-term and long-term experiments. 
Data presented in Part I show that the amounts of nitrate 
found in the surface 30-cm layers of soils when corn plants 
were between 15 and 30 cm high were highly correlated with 
corn yields. This relationship could not be improved by 
including exchangeable ammonium. Because relatively large 
increases in nitrate levels corresponded to relativley small 
increases in yields over a wide reage of nitrate levels of 
practical interest, determinations of the amounts of nitrate 
in soils offers great promise as a practical soil test to 
assess nitrogen availability for corn. 
Data presented in Part II show that the distributions of 
nitrate found in Iowa soils in late spring were similar 
regardless of years of sampling, sites, cropping systems, and 
rates of nitrogen fertilization. The highest concentrations 
of nitrate always occurred in the top 15-cm layers of soils, 
and concentrations gradually decreased with increasing depth 
below the surface. This observation helps to explain the good 
correlations described in Part I between nitrate in the 
surface 30-cm layers of soils and corn yields and, therefore. 
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provides a theoretical basis for the nitrate soil test for 
assessing nitrogen availability. 
Data presented in Part III show that the differences in 
yields observed between corn after corn and corn after 
soybeans can be explained by consideration of nitrogen 
effects. When expressed in terms of fertilizer equivalents, 
amounts of nitrogen carried over from soybeans to corn were 87 
and 50 kg N ha~^ in 1985 and 1986, respectively. Because 
these differences were only partially reflected in the late-
spring soil nitrate test, continuous corn and rotation corn 
need to be treated as separate categories when this test is 
used to assess nitrogen availability for corn. 
Data presented in Part IV showed that, over long periods 
of time, cropping systems and fertilizer nitrogen treatments 
were both important factors in conservation of nitrogen in the 
organic fraction of soils. The results obtained illustrate 
the importance of selecting appropriate cropping systems and 
fertilization practices to maintain the productivity of soils 
over long periods. 
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